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Laughing  Gulls.  Gull  and  crow  daily  movement  patterns  showed  peaks  of  abun¬ 
dance  during  midmorning  and  midafternoon.  Similar  peaks  but  reduced  numbers 
were  noted  on  weekends  and  at  other  times  when  refuse  was  not  being  processed. 
Daily  movement  patterns  were  not  influenced  by  tidal  or  seasonal  variations. 

All  species  but  Ring-billed  Gulls  showed  a  preference  for  feeding  on  newly- 
dumped  piles  of  shredded  refuse  on  the  landfill;  Ring-bills  fed  primarily  on 
unprocessed  refuse  at  the  mill.  All  gull  species  fed  on  shredded  refuse, 

Cattie  Egrets  on  insects  obtained  from  the  refuse,  and  crows  and  grackles  on 
invertebrates  in  the  nearby  salt  marshes  as  well  as  on  some  shredded  garbage. 

About  50  Insect  species  representing  32  families  and  seven  orders  were  found 
in  the  shredded  refuse.  The  most  abundant  species  were  flies  of  the  families 
Muscidae,  Ca I  I i phori dae,  and  Scarcophagidae.  Rats  and  feral  dogs  were  present 
on  the  landf ill. 

During  1976,  about  163,172  tons  of  solid  waste  were  processed  at  Romney  Street, 
with  an  average  of  2,587  tons  shredded  per  week.  Lowest  amounts  were  processed 
on  Wednesdays,  Saturdays,  and  Sundays,  with  peak  amounts  on  Mondays  and  Fridays 
No  correlations  were  found  between  daily  gull  numbers  and  amounts  of  refuse 
dumped  or  between  bird  numbers  and  shredded  particle  size.  Results  indicated 
that  shredders  attracted  birds  potentially  hazardous  to  aircraft  in  about  the 
same  numbers  as  would  be  found  at  a  sanitary  landfill. 

Gull  numbers  and  habits  were  monitored  in  the  500  square  mile  greater 
Charleston  area  during  1976.  Herring,  Ring-billed,  and  Laughing  Gulls  were 
the  main  species  present.  Numbers  of  Herring  and  Ring-billed,  but  not  Laugh¬ 
ing  gulls  were  significantly  reduced  from  those  of  1971-72;  however,  varia¬ 
tions  in  weather  between  the  years  obscured  this  difference.  Gull  movement 
patterns  and  food  sources  also  changed  with  the  reduction  in  number  of  solid 
waste  disposal  sites  in  1976.  Most  gulls  remained  along  the  coast,  with  few 
inland  flights;  and  most  birds  fed  on  natural  food  sources.  These  habits  were 
reflected  in  an  86  percent  reduction  in  the  number  of  bird  strikes  at 
Charleston  Air  Force  Base  for  1976  (only  two  strikes)  when  compared  with  1971- 
72  (14  strikes).  These  data  demonstrate  the  usefulness  of  solid  waste  zoning 
and  consolidation  as  a  technique  for  reducing  the  bird/aircraft  collision 
prob I em. 
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SECTION  I 


INTRODUCTION 


Objectives 

The  objectives  of  this  study  were:  (1)  to  det.ertnine  the 
attpactiveness  of  shredded  garbage  as  a  food  source  for  birds; 
and  (2)  to  determine  what  changes  have  occurred  in  gull  popula¬ 
tions  and  movement  patterns  and  the  bird/alrcraf t  strike  hazard 
at  Charleston  Air  Force  Base  now  that  solid  waste,  formerly  depos¬ 
ited  at  open  dumps  and  sanitary  landfills,  is  being  processed  in 
a  shredder  prior  to  dumping  at  a  landfill. 

Statement  of  Problem 


The  blrd/alrcraft  strike  hazard  is  a  worldwide  problem  resulting 
in  human  fatalities  and  aircraft  damage.  Although  the  exact  cost 
of  bird  damage  is  difficult  to  obtain.  United  States  commercial 
losses  are  estimated  at  several  million  dollars  per  year  and 
annual  cost  to  the  Air  Force  runs  over  $10  million  (Refs  1,  2). 

Collision  between  birds  and  aircraft  frequently  occurs  either 
enroute  or  when  planes  are  landing  or  taking  off  at  airports. 

Most  of  these  collisions  are  caused  by  large  flocks  of  birds 
attracted  to  the  vicinity  by  food,  shelter,  or  water  (Ref  3) • 

Solid  waste  disposal  sites  are  sources  of  food  for  many  of  the 
hazardous  bird  species,  especially  gulls  and  blackbirds;  and  if 
these  sites  are  located  near  airports,  they  constitute  a  major 
cause  of  potential  blrd/alrcraft  collisions  (Refs /I,  5)»  Thus, 
information  on  the  attractiveness  of  birds  to  solid  waste  disposal 
sites  is  Important  and  may  lead  to  a  reduction  in  the  number  of 
blrd/alrcraft  collisions. 

To  date,  most  studies  have  been  conducted  on  open  dumps  and 
sanitary  landfills  because  these  were  the  most  common  methods  of 
waste  disposal  (see  Refs  6  and  7  for  a  review  of  these  studies). 
However,  the  technique  of  milling  or  shredding  solid  waste  has 
recently  begun  to  replace  the  other  methods;  and  this  trend  will 
probably  continue.  With  the  exception  of  a  survey  of  22  milling 
sites  in  Europe  (Ref  8),  little  is  known  about  the  attractiveness 
of  shredded  material  to  bird  species  potentially  hazardous  to 
aircraft.  Thus,  data  are  needed  on  the  attractiveness  of  shredded 
refuse  to  birds,  so  that  a  potentially  hazardous  bird/aircraft 
collision  problem  can  be  avoided  when  planning  the  placement  of 
shredded  solid  waste  sites  near  airports. 

The  Charleston,  South  Carolina  area  offered  a  unique  oppor¬ 
tunity  to  obtain  information  on  the  attractiveness  of  shredded 
garbage  to  birds.  Data  are  available  from  a  prior  study  (Ref  9) 
of  avian  populations  and  movement  patterns  (especially  gulls) 


related  to  waste  disposal  sites  and  the  blrd/alrcraf t  strike 
hazard  at  Charleston  APB.  Further,  the  Charleston  County  Health 
Department  closed  all  dumps  and  landfills  and  replaced  them  with 
a  solid  waste  shredder  In  June  197^»  This  study  was  conducted  to 
obtain  Information  about  the  attractiveness  of  shredded  solid 
waste  to  birds,  and  about  changes  In  bird  populations  and  move¬ 
ment  patterns  that  result  when  waste  disposal  sites  are  closed 
and  replaced  by  a  shredding  plant. 
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SECTION  II 


STUDY  AREA  AND  METHODS 


General  Study  Area 

Observations  were  made  In  a  SOO  square  mile  section  of 
Charleston,  Berkeley,  and  Dorchester  Counties,  South  Carolina 
(Pig  1).  About  15  percent  of  the  area  was  coastal  marsh  or 
barrier  Island;  40  percent  was  urban  habitat;  and  45  percent  was 
farmland,  swamp  or  forest.  The  study  area  was  part  of  the 
Coastal  Plain;  hence.  It  was  flat  and  low,  with  the  highest  ele¬ 
vation  50  feet  above  sea  level.  The  extent  of  the  study  area  was 
large  enough  to  Include  the  majority  of  the  gulls  and  other  avian 
species  that  might  be  hazardous  to  aviation  at  Charleston  APB. 
Intensive  field  work  was  conducted  within  the  Greater  Charleston 
area  (Pig  2). 

Romney  Street  Solid  Waste  Reduction  Center 

Since  July  1974,  the  only  major  solid  waste  disposal  site  was 
the  Charleston  County  Solid  Waste  Reduction  Center  located  at  the 
east  end  of  Romney  Street  adjacent  to  the  Cooper  River  and  Drum 
Island  (Pig  2).  This  approximately  73-acre  complex  consisted  of 
a  shredding  plant  and  adjacent  landfill  (Pig  3).  The  shredding 
plant,  a  corrugated  steel  structure  with  concrete  floor,  con¬ 
tained  three  Hell  Company  shredding  units.  Two  units  milled  at 
the  rate  of  20  tons  per  hour  and  one  at  40  tons  per  hour.  Once 
milled,  the  material  was  carried  on  conveyor  belts  to  trucks  that 
transported  the  shredded  refuse  to  the  landfill.  In  May  1975,  a 
ferrous-metal  recovery  unit  was  added  to  the  complex. 

The  landfill  was  a  former  dredge-material  disposal  site  whose 
last  pumping  operations  terminated  approximately  20  years  ago. 
Initially,  It  was  covered  with  a  dense  stand  of  vegetation, 
chiefly  Red  Mulberry  (Morus  rubra)  and  Groundselbush  (Baccharls 
hallmlf olla)  with  an  understory  of  Lamb's  Quarters  (Chenopodlum 
album)  and  Pokeberry  (Phytolacca  amerlcana) .  Most  of  the  vegeta¬ 
tion  disappeared  as  the  landfill  was  used. 

Other  Waste  Disposal  Sites 

Although  the  Romney  Street  Shredder  was  the  main  disposal  site 
used  during  this  study;,  three  others  deserve  mention.  A  5-acre 
tract  on  Stromboll  Street  near  the  former  Spruill  Avenue  landfill 
was  used  as  an  alternate  site  whenever  the  shredder  broke  down 
(Pig  2).  The  City  also  operated  a  60-acre  site  on  Azalea  Avenue 
for  the  disposal  of  dry  trash  and  construction  material  (Pig  2); 
no  garbage  was  dumped  at  this  landfill.  In  1972,  the  couritv 
closed  all  sewer  outlets  and  replaced  them  with  a  secondary 
treatment  plant  located  on  Plum  Island  (Pig  2). 
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SECTION  III 


MATERIALS  AND  METHODS 


Determination  of  the  Attractlvenss  of  Shredded  Garbage  to  Birds 

The  study  was  conducted  from  1  January  through  31  December 
1976  at  the  Charleston  County  Solid  Waste  Reduction  Center, 

Romney  Street,  Charleston,  South  Carolina.  A  total  of  26  dawn- 
to-dusk  counts  were  made  at  the  site  to  determine  dally  use  pat¬ 
terns  of  birds.  At  least  two  counts  were  made  each  month,  and 
the  days  were  selected  to  determine  what  variables  Influenced 
dally  use.  In  addition,  hourly  counts  were  made  at  the  shredder 
a  minimum  of  three  days  a  week.  Preliminary  data  Indicated  that 
peak  numbers  occurred  In  mldmornlng  and  midafternoon,  so  most 
counts  were  made  during  these  times.  Bird  counts  also  were  made 
at  other  times  of  day,  both  on  weekdays  and  weekends.  On  each 
count,  data  was  collected  on  species  present,  sex  and  age  ratios, 
feeding  behavior,  and  loafing  sites.  Area  weather  and  tidal 
Information  also  were  recorded.  Age  ratios  were  determined  by 
plumage  characteristics  as  suggested  by  Poor  (Ref  10)  and  Kadlec 
and  Drury  (Ref  11)  for  the  Herring  Gull  (Larus  argentatus)  and  by 
Dwight  (Ref  12)  for  other  gulls.  Once  a  week,  particle  size  of 
shredded  refuse  was  measured  by  taking  samples  In  a  pre-welghed 
10-gallon  garbage  pall  and  processing  them  through  a  series  of 
wire  sieves  which  discriminated  among  6-lnch,  ^l-lnch,  and  2-lnch 
size  particles.  From  these,  the  proportion,  by  weight,  of  each 
particle  size  class  In  the  sample  was  determined.  The  amount  of 
solid  waste  processed  daily  was  obtained  from  the  records  of  the 
reduction  center.  Unlike  the  previous  study  (Ref  9),  accurate 
figures  could  be  obtained  as  each  load  brought  to  the  center  was 
weighed  on  truck  scales. 

Several  procedures  were  used  to  determine  If  birds  fed  on 
shredded  garbage  and/or  invertebrates  associated  with  the 
shredded  material.  At  least  five  birds  of  each  Important  species 
were  collected  during  January,  April,  July,  and  October.  The 
species  included:  Herring  Gull,  Ring-billed  Gull  (L.  delawarensls) , 
Laughing  Gull  (L.  atrlellla) .  Boat-tailed  Grackle  (QuiicaluTs 
ma Jor)  ,  Cattle  Egret  Ibis)  ,  Common  Crow  ( Corvus 

brachyrhnchos) ,  and  Pish  Crow  (G.  osslf ragus ) .  Attempts  were 
made  to  collect  birds  ^fhen  they  were  feeding'  in  the  vicinity  of 
shredded  refuse  on  the  landfill.  Individuals  were  taken  to  the 
laboratory,  where  they  were  measured  and  weighed  and  their  crops 
and  gizzards  removed  and  stored  in  70  percent  ethanol.  Gut  con¬ 
tents  were  analyzed,  and  food  Items  were  separated  and  catalogued 
by  volume  and  frequency  of  occurence  (Ref  13). 

To  determine  if  invertebrates  were  present  In  the  shredded 
"■■efuse,  five  random  10  sweeps  were  made  with  a  sweep  net  over 


the  shredded  garbage  once  a  week.  All  sweep  samples  were  made 
during  midafternoon  on  weekdays  when  peak  bird  numbers  were  pre¬ 
sent.  To  determine  if  Invertebrates  lived  and  bred  in  the 
shredded  material  and  were  available  as  food  for  birds,  ten 
samples  (0.1  m2)  of  milled  material  were  collected  at  the  same 
time  as  sweep  net  samples.  Five  of  these  samples  were  processed 
through  Berlese  funnels  (Ref  14),  and  five  were  placed  in 
emergence  traps.  The  samples  were  left  in  the  funnels  for  48 
hours,  the  trap  samples  for  two  weeks.  The  invertebrates 
obtained  were  identified  to  species  when  possible,  and  their  den¬ 
sity  and  frequency  of  occurence  were  determined. 

Determination  of  Current  Gull  Populations  and  Movement  Patterns 
in  the  Charleston  Area 


Gull  populations  and  movement  patterns  in  the  general  study 
area  were  determined  by  aerial  surveys  conducted  monthly  during 
May-September ,  and  bi-weekly  during  January-Aprll  and  October- 
December.  Emphasis  was  placed  on  Herring  Gull  and  Ring-billed 
Gull  populations,  as  these  were  the  main  hazardous  species  (Ref  9)* 
In  all,  19  surveys  were  flown  in  a  Cessna  150  or  172  single¬ 
engine  aircraft.  Plights  averaged  four  hours  and  were  made  in 
the  morning,  over  the  same  course,  at  altitudes  of  500-800  feet. 
Clear  weather  with  light  winds  and  good  visibility  but  variable 
tidal  conditions  occurred  on  all  censuses.  On  each  count,  the 
species,  numbers,  locations,  and  movement  patterns  of  all  gulls 
were  recorded.  Aerial  photographs,  taken  with  a  35-mm  camera 
using  fine-grain,  black-and-white  film,  were  made  on  the  first 
three  counts.  These  were  compared  with  the  results  of  ground 
counts  and  of  the  aerial  surveys.  They  showed  that  the  counts 
underestimated  gull  numbers  by  about  11  percent,  which  was  better 
than  the  25  percent  underestimation  experienced  in  the  1971-72 
study.  The  only  identification  problem  was  differentiating  bet¬ 
ween  immature  Herring  and  Great  Black-backed  Gulls  (L.  marinus) , 
but  there  were  so  few  Black-backs  that  the  error  was  negligible. 
Ground  censuses  were  made  in  conjunction  with  each  aerial  survey. 
Additional  ground  counts  were  made  at  areas  of  gull  concentrations 
when  necessary,  but  at  least  once  a  month.  Blrd/alrcraf t  strike 
records  for  Charleston  APB  were  obtained  from  the  Flight  Safety 
Officer.  The  population  counts  obtained  from  these  censuses  and 
the  related  bird/aircraft  strike  data  were  compared  with  those  of 
the  previous  study  (Ref  9)  to  evaluate  the  changes  that  occurred 
since  1971-72.  To  facilitate  this  comparison,  the  methods  of  the 
previous  study  (Ref  9)  were  used  whenever  possible. 
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SECTION  IV 


RESULTS  AND  DISCUSSION 


Species  Present  and  Population  Size  at  the  Charleston  County 
Solid  Waste  Reduction  Center^  Romney  Street 

At  least  84  species  of  birds  were  observed  at  Romney  Street 
during  1  January  -  31  December  1976  (Table  1).  Of  these,  nearly 
50  percent  (4l  species)  were  passerines,  chiefly  species  asso¬ 
ciated  with  the  shrub-  and  tree-covered  dikes  bordering  the  land¬ 
fill.  The  11  species  of  long-legged  waders  were  present  because 
of  the  site's  proximity  to  Drum  Island  (Pig  2),  location  of  a 
major  rookery  containing  an  estimated  44,000  Ibises,  egrets,  and 
herons.  Only  seven  species  occurred  In  large  enough  numbers  and 
high  enough  frequencies  to  be  considered  the  principal  components 
of  the  Romney  Street  avian  community;  these  species  probably 
would  be  a  major  hazard  to  aircraft  If  the  landfill  were  near  an 
airport.  They  Included:  Herring  Gull,  Ring-billed  Gull, 

Laughing  Gull,  Common  Crow,  Pish  Crow,  Boat-tailed  Grackle,  and 
Cattle  Egret.  Their  seasonal  abundance  Is  shown  In  Plgures  4-9. 
For  each  species,  a  weekly  population  average  was  determined  by 
finding  the  mean  number  observed  for  at  least  three  weekday 
counts  during  periods  of  peak  bird  activity.  Only  counts  taken 
when  the  shredder  was  operating  were  used  for  these  figures. 
Because  of  the  difficulty  In  separating  the  two  crow  species, 
their  numbers  were  pooled  and  reported  as  crow  species. 

Herring  Gull  numbers  ranged  from  700  In  early  January  to  zero 
during  the  summer  (Fig  4).  January-March  numbers  averaged  about 
350  birds,  with  Increases  to  600-700  In  the  first  weeks  of 
January  and  February.  These  peaks  were  associated  with  cold 
fronts  and  other  adverse  weather  conditions  in  the  Charleston 
area.  A  rise  of  550  during  the  first  two  weeks  of  March  was 
related  to  migratory  movements.  In  April-May,  numbers  declined 
to  about  50-60,  with  a  weather-related  Increase  to  110  at  the  end 
of  April.  An  additional  drop  to  3-4  birds  In  June  was  followed 
by  a  complete  lack  of  gulls  during  July-September .  Numbers 
increased  to  50-60  in  late  October,  150  In  November,  about  300  by 
early  December,  and  60C)  by  the  end  of  1976.  No  migrational  move¬ 
ments  were  seen  in  the  fall* 

Ring-billed  Gulls  exhibited  seasonal  population  trends  similar 
to  those  found  In  Herring  Gulls,  with  peaks  in  the  winter  and 
lows  in  the  summer  (Fig  5)-  However,  differences  between  the  two 
species  were  observed.  Ring-bill  members  were  more  constant, 
averaging  about  180  during  January-May  and  Oc tober-December ,  and 
fewer  weather-induced  fluctuations  were  noted.  Also,  their  popu¬ 
lation  remained  high  during  April,  after  Her  ring  numbers  had 
declined;  and  during  late  October-early  November  before  Herring 
dulls  had  reappeared.  During  these  periods  and  in  June-August, 
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TABLE  1  OCCURRENCE  OF  BIRD  SPECIES  AT  THE  CHARLESTON  COUNTY  SOLID  WASTE  REDUCTION  CENTER 

(ROMNEY  STREET),  1  JANUARY  -  31  DECEMBER  1976 


Sped  es 

Great  Blue  Heron 

Green  Heron 

Little  Blue  Heron 

Cattle  Egret 

Great  Egret 

Snowy  Egret 

Louisiana  Heron 

Black -crowned  Night  Heron 

Yellow-crowned  Night  Heron 

Glossy  Ibis 

White  Ibis 

Turkey  Vulture 

Black  Vulture 

Sharp-shinned  Hawk 


Abundance 

1-3  birds,  all  year 
1-2  birds,  Apri 1-Sept. 
5-8  birds,  all  year 
1-81  birds,  Feb. -Oct. 
1-5  birds,  all  year 
1-8  birds,  all  year 
1-5  birds,  all  year 
1-3  birds,  sunnier 
1  bird,  summer 
5-20  birds,  March-Sept. 
1-3  birds,  March-Sept. 
4-8  birds,  all  year 
1-3  birds,  all  year 
1  record.  Sept. 


Location 

marshes  adjacent  to  landfill 
brushy  edges  of  temporary  ponds 
marshes  adjacent  to  landfill 
on  landfill 

marshes  adjacent  to  landfill 

marshes  adjacent  to  landfill 

marshes  adjacent  to  landfill 

trees  on  dikes 

trees  on  dikes 

flying  over  landfill 

on  landfill 

on  landfill 

on  landfill 

trees  on  dikes 


•  • 


^  ♦  t. 


TABLE  i  (continued) 


Sped  es 

Abundance 

Location 

Cooper's  Hawk 

2  records,  November 

flying  over  landfill 

Red-tailed  Hawk 

1-3  birds,  winter 

flying  over  landfill 

Marsh  Hawk 

1  bird,  winter 

marshes  adjacent  to 

1 andf  il 1 

Peregrine  Falcon 

1  record,  November 

flying  over  landfill 

toeri can  Kestrel 

1-3  birds,  winter 

trees  on  dikes,  landfill 

Clapper  Rail 

5-15  birds,  all  year 

marshes  adjacent  to 

landfill 

Sora 

1  bird,  March 

marshes  adjacent  to 

landfill 

Kill  deer 

1-5  birds,  all  year 

on  landfill 

Common  Snipe 

2-4  birds,  winter 

temporary  ponds  and 
landfill 

ditches  on 

Spotted  Sandpiper 

2-3  birds,  all  year 

temporary  ponds  and 

ditches 

Solitary  Sandpiper 

4  birds,  March,  Sept. 

temporary  ponds  and 

ditches 

Greater  Yell  owl egs 

1  bird,  March 

temporary  ponds  and 

ditches 

Least  Sandpiper 

1  bird.  Sept. 

temporary  ponds  and 

ditches 

Great  Black-backed  Gull 

1  adult,  Dec. 

on  landfill 

Iceland  Gull 

1  immature,  Feb. 

on  landfill 

TABLE  1  (continued) 


Species  Abundance  Location 


Herring  Gull 

Ring-billed  Gull 

Laughing  Gull 

Mourning  Dove 

Yellow-billed  Cuckoo 
Barred  Owl 
Common  Nighthawk 
Chimney  Swift 
Belted  Kingfisher 
Common  Flicker 
Red-bellied  Woodpecker 
Yellow-bellied  Sapsucker 
Downy  Woodpecker 
Eastern  Kingbird 


up  to  1000,  all  year; 
less  numerous  in  sunnier 

up  to  300  birds,  all  year; 
less  numerous  in  surimer 

1-250  birds,  all  year; 
most  numerous  in  summer 

numerous  flocks  (1-80), 
all  year 

1-3  birds,  summer 
1  record,  June 
1  pair,  summer 
3-8  birds,  April -Sept. 

1  bird,  all  year 

2  birds,  all  year 
1-3  birds,  all  year 
1-5  birds,  winter 
1-3  birds,  all  year 
1  bird,  June 


on  landfill 

on  landfill 

on  landfill 

on  landfill 

trees  along  dikes 

trees  on  dikes 

breeds  on  landfill 

flying  over  landfill 

marshes  adjacent  to  landfill 

landfill 

trees  on  dikes 

trees  on  dikes 

trees  on  dikes 

brush  along  dikes 


TABLE  1  (continued) 


Species  Abundance  Location 


Great  Crested  Flycatcher 
Eastern  Phoebe 
Tree  Swallow 
Rough-winged  Swallow 

Barn  Swallow 
Purple  Martin 

Blue  Jay 

Common  and  Fish  crow 
Carolina  Chickadee 
House  Wren 
Carolina  Wren 
Long-bill  Marsh  Wren 
Mockingbird 
Brown  Thrasher 
American  Robin 


1-4  birds,  summer 
1  bird,  Nov. 
small  flocks,  winter 
small  flocks,  summer 
small  flocks,  summer 
small  flocks,  March-Sept 
1-20  birds,  all  year 
30-800  birds,  all  year 
1-3  birds,  all  year 

1- 5  birds,  winter 

2- 10  birds,  all  year 
common,  all  year 
1-4  birds,  all  year 
13  birds,  all  year 
small  flocks,  winter 


trees  on  dikes 
brush  along  dikes 
flying  overhead 
flying  overhead 
flying  overhead 
flying  overhead 
trees  and  brush  on  dikes 
landfill  and  dikes 
trees  and  brush  on  dikes 
brush  and  trees  on  dikes 
brush  and  trees  on  dikes 
adjacent  salt  marshes 
trees  and  brush  areas 
trees  and  brush  on  dikes 
trees  on  dikes 


TABLE  1  (continued) 


Species 

Abundance 

Location 

Ruby-crowned  Kinglet 

4-20  birds,  winter 

trees  and  brush  on  dikes 

Water  Pipit 

one  flock  of  25,  Nov. 

on  landfill 

Cedar  Waxwing 

numerous  flocks,  winter 

trees  adjacent  to  landfill 

Loggerhead  Shrike 

1-3,  all  year 

brush  and  trees  on  dikes 

White-eyed  Vireo 

1-3  birds,  summer 

brush  along  dikes 

Red-eyed  Vireo 

1-5  birds,  summer 

trees  along  dikes 

Black-and-white  Warbler 

one  bird,  11  Dec. 

trees  on  dikes 

Yellow-rumped  Warbler 

small  flocks,  winter 

trees  and  brush  along  dikes 

Palm  Warbler 

1-8  birds,  winter 

trees  and  brush  along  dikes 

Northern  Waterthrush 

small  flocks,  spring 
and  fall 

brush  along  dikes 

American  Redstart 

small  flocks,  spring 
and  fall 

brush  along  dikes 

House  Sparrow 

1-30  birds,  all  year 

mill  and  landfill 

Eastern  Meadowlark 

5-20  birds,  all  year 

on  landfill 

Red-winged  Blackbird 

1-15  birds,  all  year 

on  landfill 

f 


<• 
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TABLE  1  (cGntintied) 


Species 

Abundance 

Location 

Boat-tailed  Grackle 

7-250  birds,  all  year; 
most  common  in  winter 

trees  on  dikes  and  on  landfill 

CoiTinon  Grackle 

scattered  individuals, 

Jan. -April  and  Sept. -Dec. 

trees  along  dikes  and  on  landfill 

Cardinal 

small  numbers,  all  year 

brush  and  trees  on  dikes 

Painted  Bunting 

1-3  birds,  April-Aug. 

landfill  and  brushy  areas 

Asierican  Goldfinch 

OTall  flocks,  winter 

brushy  areas  on  dikes 

Rufous-sided  Towhee 

1-8  birds,  all  year 

brush  on  dikes 

Savannah  Sparrow 

up  to  100  birds,  winter 

on  landfill 

Dark-eyed  Bunco 

1-20  birds,  winter 

brushy  areas 

White-throated  Sparrow 

1-40  birds,  winter 

brushy  areas  on  dikes 

Swamp  Sparrow 

small  flocks,  winter 

trees  near  watev’ 

Song  Sparrow 

small  flocks,  winter 

brush  along  dikes 
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Figure  4 


Number  of  Herring  Gulls  at  the  Charleston  County  Solid  Waste  Reduction  Center, 

Jan.  1  -  Dec.  31,  1976. 


birds 


Figure  5 

Number  of  Ring-billed  Gulls  at  the  Charleston  County  Solid  Waste  Reduction  Center 

Jan.  1  -  Dec.  31,  1976 


Ring-bills  outnumbered  Herrings  only.  Ring-billed  Gulls  were 
completely  absent  only  In  September. 

Laughing  Gulls  were  the  least  abundant  of  the  three  gulls  com¬ 
monly  observed  at  Romney  Street.  They  were  present  In  small  num¬ 
bers  throughout  the  year  (Fig  6)  with  lO-MO  consistently  present 
In  April-Oc tober .  Increases  to  100-250  were  detected  In  the  last 
week  of  May^  late  July-early  August,  and  the  third  weeks  of 
September  and  October.  The  spring  and  summer  Increases  were 
associated  with  strong  offshore  winds,  which  drove  the  birds 
Inland.  The  October  peak  was  also  associated  with  strong  weather 
patterns,  but  the  birds  were  clearly  migrants  from  the  North. 
Several  color-marked  birds  banded  In  New  Jersey  were  seen  on  the 
landfill  during  the  October  peak. 

Crow  population  trends  were  similar  to  those  for  Herring  and 
Ring-billed  Gulls  (Fig  7)>  with  high  populations  In  winter  and 
low  ones  during  spring  and  summer  ( April- July) .  Unlike  gulls, 
crow  numbers  remained  relatively  constant  for  a  given  period 
without  weather-induced  fluctuations.  The  April- July  low 
occurred  at  a  time  when  flock  break-up  and  breeding  In  Fish  Crows 
was  at  its  peak  (Ref  15) •  The  relative  proportions  and  the 
seasonal  distributions  of  the  two  crow  species  In  the  Romney 
Street  population  were  impossible  to  determine  directly. 

However,  calling  counts  and  samples  taken  for  food  analysis 
suggested  that  most  of  them  were  Fish  Crows — probably  70-80  per¬ 
cent  of  the  winter  population,  and  almost  100  percent  during 
June-August . 

Boat-tailed  Grackles  were  present  In  varying  numbers  through¬ 
out  the  year  (Fig  8).  The  population  averaged  250  birds  In 
January-Pebruary ,  after  which  It  declined  to  15-30  In  Aprll- 
Oc tober.  Numbers  increased  in  Oc tober-November  to  275)  before 
declining  to  125  in  late  December.  The  winter  population  con¬ 
sisted  mainly  of  one  or  two  large  feeding  flocks,  chiefly  com¬ 
posed  of  females  and  Imraatures  (90-95  percent),  while  the  summer 
population  was  primarily  solitary  individuals  about  equally 
divided  between  adult  males  and  adult  females  that  fed  In  the 
Immediate  vicinity  of  the  landfill. 

Cattle  Egrets  were  present  at  Romney  Street  almost  solely 
during  the  summer,  arriving  by  early  March  and  leaving  by  early 
October  (Fig  9)*  Although  over  1,000  birds  bred  on  nearby  Drum 
Island  (Personal  communication:  4  January  1976,  Dr  Thomas 
Custer,  Wildlife  Biologist,  United  States  Department  of  the 
Interior,  Patuxent  Wildlife  Research  Center,  Laurel,  Maryland 
20810),  the  Romney  Street  bird  population  was  relatively  low, 
with  a  range  of  l4-80  and  an  average  of  35  birds.  This  gave  a 
density  range  of  0.19-1*1  birds  per  acre  (average  0.49)*  These 
figures  are  similar  to  those  observed  by  Siegfried  (Ref  I6)  for 
African  Cattle  Egrets  feeding  in  their  natural  habitat  (0. 5-1*5 
birds/acre) .  The  similarity  in  feeding  densities  between  the  two 
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habitats  suggest  Cattle  Egret  populations  were  regulated  by  fac¬ 
tors  such  as  foraging  behavior  or  Intraspeclf Ic  aggression,  and 
that  the  food  resources  were  similar  In  both  habitats. 

Influence  of  Geography  a?id  Topography  on  Species  Composition 

Clearly,  the  Romney  Street  shredder  attracted  a  variety  and 
abundance  of  bird  species.  Although  data  are  lacking,  shredders 
In  other  areas  also  probably  attract  numerous  birds  (Ref  17). 
Probably  at  all  sites,  the  main  hazardous  species  are  the  gre¬ 
garious  birds  belonging  to  the  following  groups:  crows,  black¬ 
birds  and  Starlings,  House  Sparrows,  pigeons.  Cattle  Egrets,  and 
gulls.  The  species  composition,  seasonal  abundance  and  occur¬ 
rence  of  these  groups  are  determined  mainly  by  two  factors: 
geography  and  topography. 

Pour  corvid  species  may  frequent  shredders,  especially  as 
flocks  during  the  non-breeding  season  (August-March).  Common 
crows  are  the  most  abundant  and  widespread  species,  occurring 
throughout  Eastern  North  America.  In  the  Southeast,  their  num¬ 
bers  are  augmented  and/or  replaced  by  Pish  Crows,  especially  In 
coastal  areas  such  as  Charleston.  The  Northwestern  Crow  (^. 
caurlnus) ,  occurlng  In  the  tidal  zone  from  Alaska  to  Washington, 
may  frequent  sites  In  numbers  large  enough  to  be  a  hazard  to 
aircraft,  as  may  the  Common  Raven  (£.  corax)  In  the  far  North 
(especially  Alaska)  and  West. 


Blackbirds  and  Starlings  (Sturnus  vulgaris )  are  often  present 
at  dumps  and  shredders  In  numbers  large  enough  to  cause  a  bird/ 
aircraft  strike  Incident  similar  to  that  which  occurred  at  the 
Dekalb-Peachtree  Airport,  Atlanta,  Georgia  (Ref  18).  These  spe¬ 
cies  are  especially  a  problem  in  the  Southeast  during  winter  when 
large  flocks  are  present  (Ref  19,  20).  In  Inland  locations  such 
as  Atlanta,  blackbirds  may  replace  gulls  as  the  major  hazardous 
group.  In  the  Southeast,  the  most  Important  species  are: 
Starlings,  Red-winged  Blackbirds  (Agelalus  phoenlceus).  Brown- 
headed  Cowblrds  (Molothrus  ater) ,  Common  Grackles  (Qulscalus 
qulscula) ,  and  (along  the  coast)  Boat-tailed  Grackles. 

Small  numbers  of  Rock  Doves  (Golumba  llvla)  may  be  found  at 
shredders  year  round.  Despite  their  presence  in  low  numbers, 
these  pigeons  can  be  t  inajor  hazard  to  aircraft  because  of  their 
size  and  flock  density.  In  Europe,  pigeons  cause  up  to  ten  per¬ 
cent  of  all  bird  strikes  (Ref  21),  and  they  pose  a  similar  hazard 
to  North  American  aircraft.  House  Sparrows  (Passer  domestlcus ) 
also  are  found  at  disposal  sites  In  small  numbers,  but  they  are  a 
less  threat  to  aircraft  because  of  their  small  size. 


Cattle  Egrets,  recent  arrivals 
going  a  rapid  population  expansion 
are  most  abundant  In  the  Southeast 
be  seen  feeding  at  diporal  rites  d 


in  North  America,  are  under- 
In  the  East  (Ref  22).  They 
,  where  groups  of  up  to  100  may 
ur  i.  ng  the  n umme  r  ( R  e f  s  23,  7 )  • 
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They  are  known  to  frequent  shredders  In  Charleston  and  Beaufort, 
South  Carolina,  as  well  as  In  Florida.  Their  presence  at  such 
sites,  along  with  their  habit  of  feeding  In  grassy  areas  near 
airports,  make  Cattle  Egrets  a  potential  hazard  to  aircraft, 
especially  In  the  Southeast  (Personal  communication:  9  September 
1977}  M.  Harrison,  Capt,  USAF,  Air  Force  Civil  Engineering 
Center,  Tyndall  APB,  Florida  32403). 

Although  most  gulls  are  opportunistic  feeders,  not  all  regu¬ 
larly  use  garbage  as  their  main  food  source.  Those  species  that 
do  feed  on  refuse,  however,  are  Involved  In  about  40  percent  of 
the  blrd/alrcraf t  strikes  reported  for  Europe  and  North  America 
(Ref  21).  In  the  Northeastern  United  States,  Iceland,  and 
western  Europe,  the  Herring  and  Great  Black-backed  Gulls  are  the 
principal  refuse-feeding  species  (Refs  24,  25,  26).  On  the  West 
Coast,  Glaucous-winged  (L.  glaucescens) ,  Western  (L.  occldentalls) , 
California  (L.  calif ornlcus )  Herring,  and  Ring-billed  Gulls  are 
the  Important  species  (Refs  27,  28,  29).  In  the  Southeast, 
Ring-billed  and  Herring  Gulls  are  the  main  species  at  sites  In 
winter  (Refs  5,  9),  with  Laughing  Gulls  present  at  coastal  loca¬ 
tions  mainly  In  the  summer. 

Local  topographic  features  Influence  the  species  composition 
and  abundance  of  birds  attracted  to  disposal  sites.  In  the 
Southeast,  Fish  Crows  and  Boat-tailed  Grackles  are  mostly 
restricted  to  coastal  areas.  They  are  replaced  by  Common  Crows 
and  Common  Grackles  at  Inland  locations.  In  fact,  the  blackbird 
species  seem  to  be  more  abundant  away  from  the  coast  In  the 
Southeast.  All  gulls  seem  attracted  to  areas  near  water  (Refs 
24,  27}  30).  However,  some  species  variation  In  habitat  pre¬ 
ference  Is  present:  Herring  and  Laughing  Gulls  prefer  coastal 
locations,  while  Ring-bills  prefer  Inland  areas.  The  Romney 
Street  landfill  reflected  this,  as  Herring  Gulls  outnumbered 
Ring-billed  Gulls  and  the  proportions  of  the  two  species  were 
similar  to  those  found  In  1971-1972  at  the  Naval  Base  Dump,  a 
dump  located  between  the  present  shredder  and  landfill  (Ref  9), 
and  the  Cooper  River  Estuary.  The  reverse  trend  In  the  propor¬ 
tion  of  these  gulls  could  be  expected  If  the  shredder  were 
located  In  a  more  Inland  site  such  as  the  former  Ladson  landfill 
(Fig  2  In  Ref  9).  Other  topographical  features  attractive  to 
gulls  Include:  open  areas  with  little  or  no  vegetation,  and 
large  flat  areas. 

Age  Structure  of  Gulls  at  Romney  Street 

Age-ratio  data  for  gulls  at  the  shredder  are  summarized  In 
Figures  10-12.  Herring  Gulls  (Fig  10)  were  divided  Into  three 
age  classes:  chicks  (1  year  old  or  less);  Intermediate  (2-3 
years  old);  and  adults  (3  or  more  years  old).  The  winter 
(January,  December)  population  averaged  72  percent  chicks,  3.5 
Intermediates,  and  24.5  adults.  After  January,  the  proportion  of 
chicks  declined  until  none  were  present  In  May  through  early 
October.  Adults,  after  an  Initial  Increase  In  Pebruary-March, 
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rapidly  declined  to  zero  In  May.  Intermdlates ,  on  the  other 
hand.  Increased  to  100  percent  In  May-June.  When  gulls  reap¬ 
peared  In  late  October,  they  were  almost  all  chicks.  The  normal 
winter  ratio  was  re-established  In  December.  The  age  ratio  and 
Its  seasonal  trends  were  similar  to  those  observed  at  the 
Charleston  Base-Sprulll  Avenue  dump  In  1971-72  (Ref  9)j  but  the 
reverse  of  those  observed  for  Herring  Gulls  In  their  breeding 
range  of  Michigan,  Maine,  and  Connecticut  (Refs  31)  32,  33,  34). 

The  large  majority  (over  90  percent  of  Ring-billed  Gulls  were 
In  Immature  plumage  (chicks),  less  than  one  year  old  (Pig  11). 

The  largest  proportion  of  adults  (10-17  percent)  were  present  In 
February-Aprll ,  the  period  when  the  highest  concentration  of 
post-breeding  Ring-bills  from  the  Great  Lakes  Region  are  present 
along  the  South  Atlantic  Coast  (Ref  35).  Similar  age-ratio 
trends  were  observed  at  dumps  and  landfills  In  Charleston  during 
1971-72  (Ref  9). 

Laughing  Gull  age-ratio  trends  (Pig  12)  were  the  reverse  of 
those  for  the  previous  two  species.  As  Is  typical  for  a  species 
In  the  northern  part  of  Its  wintering  range,  all  winter  and  early 
spring  birds  were  adults,  over  one  year  of  age.  Immature  birds 
(chicks)  appeared  in  May,  and  reached  a  peak  (70  percent)  In  the 
last  week  of  May.  The  summer  population  averaged  22  percent 
Immature,  and  a  migration  peak  occurred  In  early  October. 

Observations  suggest  that  immature  gulls  may  concentrate  at 
disposal  sites  and  other  artificial  food  sources.  Thus,  Drury 
(Ref  24)  found  that  90-95  percent  of  the  Immature  Herring  Gulls 
In  the  Boston  area  fed  at  dumps  and  pig  farms;  and  I  found  large 
numbers  of  immature  Herring  and  Ring-billed  Gulls  at  dumps  and 
landfills  in  Charleston  (Ref  9),  but  was  unable  to  determine  If 
the  numbers  were  significantly  different  from  those  for  the  rest 
of  the  Greater  Charleston  area.  To  determine  If  such  age  pre¬ 
ferences  did  exist,  I  compared  age  ratios  for  gulls  present  at 
the  shredder  with  those  found  elsewhere  in  the  study  area,  using 
a  Chi-Square  test  of  Independence  (Ref  36).  Herring,  Ring-billed, 
and  Laughing  Gulls  all  showed  significant  differences  In  the  pro¬ 
portion  of  birds  In  immature  plumage  present  at  the  shredder  as 
compared  with  the  remainder  of  the  Charleston  area  (Tables  2-4). 
Immature  Herring  and  Ring-billed  Gulls  concentrated  at  the 
shredder  (Tables  2  and  3).  This  may  have  been  due  to  either  an 
exclusion  from  natural  areas  by  adults,  as  Drury  and  Smith  (Ref  37) 
found  for  New  England  birds,  or  because  Immature  gulls  were  Inex¬ 
perienced  in  food  procuring.  Thus,  Cooke  and  Ross  (Ref  30)  found 
young  gulls  spent  more  time  foraging  for  food  on  dumps  than  did 
adults.  If  Immature  gulls  frequent  disposal  sites  because  of 
lack  of  feeding  experience,  they  must  be  Inexperienced  in  other 
areas,  e.g.,  aircraft  avoidance.  Thus,  positioning  a  solid  waste 
disposal  site  near  an  airport  may  Increase  the  potential  bird/ 
aircraft  strike  hazard  because  of  inexperienced  Immature  gulls 
being  attracted  to  the  area. 
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TABLE  2.  COMPARISON  OF  AGE  RATIOS  OF  HERRING  GULLS  BETWEEN  THE  ROMNEY 
STREET  SHREDDER  AND  THE  CHARLESTON  STUDY  AREA, 

USING  A  CHI-SQUARE  TEST  OF  INDEPENDENCE 


Age 


Month 

Week 

Chicks 

Intermediates 

Adults 

Totals 

January 

2. 

Observed 

202 

12 

38 

252 

Expected 

199.08 

15.12 

37.8 

252 

Chi-square 

0.043 

0.644 

0.01 

0.697 

4. 

Observed 

211 

11 

333 

555 

Expected 

183.15 

27.75 

344.1 

555 

Chi-square 

4.234 

10.11 

0.358 

14.702 

February 

2. 

Observed 

248 

8 

268 

524 

Expected 

199.12 

10.48 

314.4 

524 

Chi-square 

12.90 

0.59 

6.849 

20.339 

4. 

Observed 

137 

38 

189 

364 

Expected 

145.6 

40.04 

214.76 

400.4 

Chi-square 

0.51 

0.104 

3.09 

3.704 

March 

2. 

Observed 

270 

11 

282 

563 

Expected 

259.44 

11.28 

293.28 

564 

Chi-square 

0.43 

0.07 

0.44 

0.94 

4. 

Observed 

170 

8 

76 

254 

Expected 

157.48 

12.7 

83.82 

254 

Chi-square 

0.99 

1.74 

0.73 

3.46 

April 

2. 

Observed 

26 

52 

0 

78 

Expected 

11.7 

62.4 

3.9 

78 

Chi-square 

17.5 

1.74 

3.9 

23.14 

4. 

Observed 

13 

57 

0 

70 

Expected 

11,9 

56 

2.1 

70 

Chi-square 

0.1 

0.018 

2.1 

2.218 

May 

Observed 

0 

32 

0 

32 

Expected 

0 

31.04 

0.96 

32 

Chi-square 

0 

0.03 

0.96 

0.99 

June 

Observed 

0 

5 

0 

5 

Expected 

0 

5 

0 

5 

Chi-square 

0 

0 

0 

0 
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TABLE  2  (continued) 


Month 

Week 

Chicks 

Aqe 

Intermediates 

Adults 

Totals 

July 

Observed 

0 

0 

0 

0 

Expected 

0 

0 

0 

0 

Chi-square 

0 

0 

0 

0 

August 

Observed 

0 

0 

0 

0 

Expected 

0 

0 

0 

0 

Chi-square 

0 

0 

0 

0 

September 

Observed 

0 

0 

0 

0 

Expected 

0 

0 

0 

0 

Chi-square 

0 

0 

0 

0 

October 

2. 

Observed 

5 

0 

0 

5 

Expected 

3.5 

0.5 

1.0 

5 

Chi-square 

0.65 

0.5 

1.0 

2.15 

4. 

Observed 

14 

1 

0 

15 

Expected 

9.75 

1.8 

3.45 

15 

Chi-square 

1.85 

0.36 

3.45 

5.66 

November 

2. 

Observed 

144 

3 

0 

147 

Expected 

110.25 

7.35 

29.4 

147 

Chi-square 

10.33 

2.57 

29.4 

42.3 

4. 

Observed 

148 

2 

0 

150 

Expected 

120 

7.5 

22.5 

150 

Chi-square 

6.54 

4.0 

22.5 

33.04 

December 

2. 

Observed 

282 

0 

115 

397 

Expected 

232.2 

19.85 

138.95 

397 

Chi-square 

8.05 

19.85 

4.13 

32.03 

4. 

Observed 

450 

1 

134 

585 

Expected 

386.1 

46.8 

152.1 

585 

Chi-square 

10.57 

44.82 

2.16 

57.55 

Chi 

-square  =  253.002 

with  36  djuf. 

significant  at 

the  0.05 

1  eve  1 . 
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TABLE  3. 

COMPARISON  OF  AGE  RATIOS  OF  RING-BILLED  GULLS  BETWEEN  THE 
STREET  SHREDDER  AND  THE  CHARLESTON  STUDY  AREA,  USING  A 
CHI-SQUARE  TEST  OF  INDEPENDENCE 

:  ROMNEY 

Jm _ 

Month 

Week 

Chicks 

Adults 

Totals 

January 

2. 

Observed 

198 

10 

208 

Expected 

197.6 

10.4 

208 

Chi-square 

0.008 

0.015 

0.023 

4. 

Observed 

137 

7 

144 

Expected 

116 

28 

144 

Chi-square 

3.937 

15.75 

19.687 

February 

2. 

Observed 

105 

70 

175 

Expected 

113.75 

61.25 

175 

Chi-square 

0.673 

1.25 

1.923 

4. 

Observed 

134 

63 

197 

Expected 

110.32 

86.68 

197 

Chi-square 

5.082 

6.469 

11.551 

March 

2. 

Observed 

291 

96 

387 

Expected 

313.47 

73.53 

387 

Chi-square 

1.610 

6.867 

8.477 

4. 

Observed 

179 

18 

197 

Expected 

163.51 

33.49 

197 

Chi-square 

1.467 

7.164 

8.631 

April 

2. 

Observed 

248 

24 

272 

Expected 

149.6 

122.4 

272 

Chi-square 

64.72 

79.10 

143.82 

4. 

Observed 

128 

17 

145 

Expected 

139.2 

5.8 

145 

Chi-square 

0.9 

21.62 

22.52 

May 

Observed 

128 

5 

133 

Expected 

127.68 

5.32 

133 

Chi-square 

0.0 

0.019 

0.019 

June 

Observed 

17 

0 

17 

Expected 

17 

0 

17 

Chi-square 

0 

0 

0 

TABLE  3  (continued) 


Month 

Week 

Chicks 

Age 

Adults 

Totals 

July 

Observed 

4 

0 

4 

Expected 

4 

0 

4 

Chi-square 

0 

0 

0 

August 

Observed 

3 

0 

3 

Expected 

2.94 

0.06 

3 

Chi-square 

0.001 

0.06 

0.061 

September 

Observed 

0 

0 

0 

Expected 

0 

0 

0 

Chi-square 

0 

0 

0 

October 

2. 

Observed 

2 

0 

0 

Expected 

1.9 

0.1 

2 

Chi-square 

0.05 

0.1 

0.15 

4. 

Observed 

128 

3 

131 

Expected 

120.62 

10.38 

131 

Chi-square 

0.082 

5.247 

5.329 

November 

2. 

Observed 

240 

8 

248 

Expected 

235.6 

12.4 

248 

Chi-square 

0.082 

1.56 

1.642 

4. 

Observed 

186 

2 

188 

Expected 

182.36 

5.64 

188 

Chi-square 

0.073 

2.34 

2.413 

December 

2. 

Observed 

237 

23 

260 

Expected 

221 

39 

260 

Chi-square 

1.15 

6.564 

7.714 

4. 

Observed 

297 

29 

326 

Expected 

211.9 

114.1 

326 

Chi-square 

34.176 

63.47 

97.646 

Chi-square  =  331.606,  18  df,  significant  at  the  0.05  level. 
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TABLE  4.  COMPARISON  OF  AGE  RATIOS  OF  LAUGHING  GULLS  BETWEEN  THE  ROMNEY 
STREET  SHREDDER  AND  THE  CHARLESTON  STUDY  AREA,  USING 


A  CHI-SQUARE  TEST  OF 

INDEPENDENCE 

Month 

Week 

Chicks 

Aqe 

Adults 

Totals 

January 

2. 

Observed 

0 

0 

0 

Expected 

0 

0 

0 

Chi-square 

0 

0 

0 

4. 

Observed 

0 

0 

0 

Expected 

0 

0 

0 

Chi-square 

0 

0 

0 

February 

2. 

Observed 

0 

0 

0 

Expected 

0 

0 

0 

Chi-square 

0 

0 

0 

4. 

Observed 

0 

1 

1 

Expected 

0 

1 

1 

Chi-square 

0 

0 

0 

March 

2. 

Observed 

0 

11 

11 

Expected 

0 

11 

11 

Chi-square 

0 

0 

0 

4. 

Observed 

0 

12 

12 

Expected 

0 

12 

12 

Chi-square 

0 

0 

0 

April 

2. 

Observed 

0 

28 

28 

Expected 

0 

28 

28 

Chi-square 

0 

0 

0 

4. 

Observed 

0 

24 

24 

Expected 

0 

24 

24 

Chi-square 

0 

0 

0 

May 

Observed 

0 

2 

2 

Expected 

0 

2 

2 

Chi-square 

0 

0 

0 

June 

Observed 

12 

13 

25 

Expected 

12 

13 

25 

Chi-square 

0 

0 

0 
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TABLE  4  (continued) 


Month 

Week 

Chicks 

Aqe 

Adults 

Totals 

July 

Observed 

26 

93 

119 

Expected 

37 

82 

119 

Chi-square 

3.270 

•  1.475 

4.745 

August 

Observed 

21 

77 

98 

Expected 

44 

54 

98 

Chi-square 

12.02 

9.79 

21.81 

September 

Observed 

4 

56 

60 

Expected 

18 

42 

60 

Chi-square 

10.88 

4.66 

15.54 

October 

2. 

Observed 

7 

53 

60 

Expected 

24 

36 

60 

Chi-square 

12.04 

8.03 

20.07 

4. 

Observed 

14 

40 

54 

Expected 

15 

39 

54 

Chi-square 

0.07 

0.025 

0.095 

November 

2. 

Observed 

1 

6 

7 

Expected 

0 

7 

7 

Chi-square 

0 

0.143 

0.143 

4. 

Observed 

0 

0 

0 

Expected 

0 

0 

0 

Chi-square 

0 

0 

0 

December 

2. 

Observed 

1 

3 

4 

Expected 

0 

4 

4 

Chi-square 

0 

0.25 

0.25 

4. 

Observed 

0 

0 

0 

Expected 

0 

0 

0 

Chi-square 

0 

0 

0 

Chi 

-square 

=  62.653,  with 

18  df,  significant 

at  the  0.05 

level . 
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Laughing  Gulls  exhibited  the  reverse  of  the  age-distribution 
pattern  found  for  the  other  gull  species  (Table  4);  fewer  young 
were  present  at  the  shredder  than  in  the  region  as  a  whole. 

Unlike  the  others.  Laughing  Gulls  were  summer  residents  breeding 
on  islands  in  the  Charleston  area.  The  tendency  for  young  gulls 
to  remain  near  breeding  colonies  on  the  coast,  along  with  this 
species’  preference  for  feeding  on  marine  organisms,  accounts  for 
the  higher  proportion  of  young  observed  away  from  the  shredder. 

Dally  Movement  Patterns  of  Gulls  and  Crows  at  the  Romney  Street 
Shredder 

Thirty-three  all-day  counts  were  made:  Pour  in  November- 
December  1975>  and  29  in  1976.  Attempts  were  made  in  1976  to 
divide  the  counts  equally  among  the  four  seasons,  with  at  least 
two  counts  each  month.  In  all,  21  counts  were  made  during  oppo¬ 
site  tides  in  consecutive  weeks  to  see  what  influence  tides  had 
on  daily  movements;  three  paired  counts  were  made  on  weekdays  and 
two  on  Saturdays. 

The  typical  weekday  pattern  in  late  fall  and  winter  is  shown 
in  Figure  13»  The  three  gull  species  were  combined  because  Ring- 
bills  and  Herrings,  which  exhibited  similar  movement  patterns, 
made  up  the  majority  of  the  population  (74  and  25  percent) 
respectively;  and  Laughing  Gulls,  with  a  different  pattern, 
occurred  in  such  low  numbers  (less  than  one  percent)  as  not  to 
alter  the  dominant  pattern. 

Herring  and  Ring-billed  Gulls  began  arriving,  singly  or  in 
small  groups,  shortly  after  sunrise  and  continuing  until  a  peak 
occurred  in  mldmornlng.  After  this,  number  declined  until  late 
afternoon  when  a  second  peak  occurred.  Numbers  then  declined 
until  all  birds  had  left  prior  to  sunset  (Pig  13). 

Laughing  Gulls  showed  a  slightly  different  pattern.  They 
arrived  later  in  the  morning,  left  earlier  in  the  afternoon,  and 
reached  a  single  high  at  about  noon. 

Crow  patterns  were  similar  to  those  of  Herring  and  Ring-billed 
Gulls  with  a  morning  and  afternoon  high  and  a  midday  low.  How¬ 
ever,  crows  arrived  more  quickly  in  the  morning;  the  majority 
arrived  in  one  large  flock  within  20  minutes  of  sunrise.  The 
population  peaked  earlier  in  the  morning  and  later  in  the  after¬ 
noon  than  did  the  gulls.  Crows  quickly  left  in  large  flocks  Just 
prior  to  sunset,  after  most  gulls  had  departed  for  their  roosts 
(Pig  13).  This  basic  bimodal  pattern  was  characteristic  of  gulls 
and  crows  at  Romney  Street  throughout  the  year;  however,  some 
variations  in  the  size  and  timing  of  the  peaks  were  seen. 

Dally  movement  cycles  on  Saturdays  and  Sundays  differed  in 
some  details  from  those  seen  during  the  week.  Gull  numbers  were 
reduced  by  50-60  percent  on  Saturdays  and  70-90  percent  on 
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Number  of  birds 


Figure  13 

Normal  Weekday  Movement  Pattern  of  Crows  and  Gulls  at  Charleston  County  Waste 
Reduction  Center,  Romney  Street,  Charleston,  S.  C.  ,  Nov.  20,  19/!). 


Sundays  from  those  present  on  weekdays.  Morning  and  afternoon 
peaks  were  observed  on  Saturdays,  with  the  afternoon  peak  being 
lower.  This  trend  continued  for  Sundays,  with  the  afternoon  peak 
even  lower  or,  in  spring  and  fall,  absent  altogether.  Crow  popu¬ 
lations  were  less  Influenced  by  the  lack  of  dumping  on  weekends. 
Saturday  and  Sunday  numbers  were  usually  within  10-15  percent  of 
weekday  levels,  and  the  morning  and  afternoon  peaks  were  not 
noticeable  reduced.  Thus,  dumping  activities  did  not  Influence 
the  numbers  present;  however,  gulls  were  more  sensitive  to 
changes  In  dumping  patterns  than  were  crows. 

Some  seasonal  variations  In  movement  patterns  existed,  but 
they  were  difficult  to  determine  exactly  because  few  or  no  gulls 
were  present  In  summer.  Gulls  seemed  to  arrive  closer  to  sunrise 
and  leave  closer  to  sunset  In  winter.  Schrelber  (Ref  38)  Indi¬ 
cated  there  was  a  specific  llght-lntenslty  threshold  for  roosting 
In  Individual  gulls,  but  it  was  modified  by  numerous  environmen¬ 
tal  factors.  He  also  found.  In  Maine  Herring  Gulls,  that  light 
Intensity  Influenced  roosting  behavior  more  In  fall  and  winter. 
Surprisingly,  no  shift  In  the  morning  or  afternoon  peaks  at 
Romney  Street  was  seen  with  changing  seasons.  During  the  summer, 
crows  arrived  and  departed  more  gradually  and  In  smaller  groups 
than  those  seen  In  winter  or  fall. 

Tidal  rhythms  had  no  observable  Influence  on  movement  pat¬ 
terns.  There  was  a  trend  toward  higher  numbers  during  high  tide, 
but  the  results  were  too  variable  to  be  predictable.  No  oppor¬ 
tunities  occurred  to  compare  patterns  on  overcast  and  clear  days. 
Indirect  observations  suggested  populations  were  higher  on  over¬ 
cast  days.  If  Schrelber’ s  (Ref  38)  observations  are  applicable, 
gulls  would  probably  roost  earlier  on  overcast  days.  Additional 
studies  on  the  Influence  of  weather  on  dally  movement  patterns 
are  needed. 

Gull  and  crow  loafing  sites  changed  during  the  course  of  the 
study  as  dumping  patterns  changed.  In  July  197^-March  1976, 
birds  used  roof  tops  and  parking  lots  of  buildings  on  nearby 
Morrison  Drive  (Pig  1^).  Gulls  also  used  the  mud  flats  of  the 
Cooper  River;  and  crows,  trees  on  Drum  Island.  During  Aprll- 
December  1976,  birds  used  areas  on  the  upper  dump  near  the 
shredder  as  more  of  the  landfill  was  cleared  of  brush  (Pig  15 )• 
Gulls  still  used  the  Cooper  River  mud  flats  and  bare  areas  on 
Drum  Island,  while  crov/s  used  the  tree-covered  dikes  around  the 
landfill  (Pig  15). 

Gulls  feeding  at  Romney  Street  roosted  on  Shutes  Polly,  Morris 
Island,  and  the  Charleston  Jetties,  and  other  protected  sites  in 
Charleston  (Pig  2).  Crow  roosting  areas  were  not  located  pre¬ 
cisely,  but  most  birds  seemed  to  roost  near  Magnolia  Gardens  and 
Bear  Swamp,  about  15  miles  west  of  Romney  Street  on  the  Ashley 
River  (Fig  2).  Crows  have  been  known  to  roost  In  these  areas 
since  the  1700 ’s  (Ref  39)* 


Figure  14 

Gull  and  Crow  Loafing  Areas  at  .Charleston  County  Solid  Waste 
Reduction  Center,  Romney  St.,  During  July  1974-March  1976. 


Feeding  Behavior  of  Avian  Species  at  Romney  Street 

All  gulls  fed  using  similar  foraging  techniques.  Most  birds 
would  pick  and  glean  all  food  Items  from  the  ground,  often  In 
compact  flocks.  In  such  flocks,  birds  exhibited  considerable 
aggressive  behavior.  Aerial  chases  and  food  stealing  were  com¬ 
mon.  In  Interspecific  encounters.  Herring  Gulls  were  dominant 
over  the  other  two  species,  and  both  Herring  and  Ring-billed 
Gulls  dominated  Laughing  Gulls.  Although  all  gulls  used  similar 
feeding  techniques,  they  showed  different  habitat  preferences 
(Table  5) •  Herring  and  Laughing  Gulls  preferred  piles  of  freshly 
shredded  garbage  when  It  had  been  dumped  on  the  landfill;  however. 
Ring-billed  Gulls  preferred  to  feed  on  unprocessed  refuse  In  and 
around  the  shredder.  Although  shredded  refuse  was  not  covered 
when  dumped  on  the  landfill,  no  gulls  fed  on  It  after  about  24 
hours.  Shredded  material  was  unattractive  to  birds  after  It  had 
remained  on  the  landfill  for  a  day;  probably  most  of  the  available 
food  had  been  removed  In  this  period  either  by  feeding  birds  or 
by  bacterial  decomposition  (Ref  17)* 

Boat-tailed  Grackles  and  crows  used  feeding  techniques  similar 
to  those  of  gulls.  They  often  fed  In  large  single-species  flocks, 
and  numerous  aggressive  Interactions  and  aerial  food  chases 
occurred.  Like  Herring  Gulls,  these  species  preferred  feeding  on 
freshly-dumped  shredded  refuse  on  the  landfill.  But,  unlike  the 
Herring  Gull,  they  often  fed  on  older  piles  of  refuse. 

Cattle  Egrets  foraged  In  loose  flocks  with  considerable  Intra- 
speclflc  distance.  They  fed  on  live  prey,  would  slowly  stalk  an 
organism,  capturing  It  with  a  rapid  stabbing  motion  of  the  bill. 
They  fed  on  freshly-dumped  as  well  as  old  shredded  waste.  They 
were  the  only  species  to  feed  on  piles  of  sludge  dumped  on  the 
landfill  from  sewage  treatment  lagoons  (Table  5)*  Similar 
feeding  behavior  has  been  described  for  garbage  dumps  In  Uganda 
(Ref  40)  and  the  Seychelles  (Ref  41). 

Ham  and  Reinhardt  (Ref  8)  Indicated  that,  although  birds  were 
present  at  all  European  shredder  sites  surveyed,  there  was  no 
evidence  of  birds  feeding  at  the  shredders.  To  test  If  birds 
were  feeding  on  shredded  refuse  at  Romney  Street,  101  Individuals 
of  seven  species  were  collected  during  1976  and  their  crop  and 
gizzard  contents  examined.  The  total  Included:  l6  Herring 
Gulls,  17  Ring-billed  Gulls,  15  Laughing  Gulls,  22  Boat-tailed 
Grackles,  21  Pish  and  Common  Crows,  and  10  Cattle  Egrets.  At 
least  five  of  each  species,  when  present,  were  collected  during 
January-February ,  March-Aprll,  June- July,  and  Oc tober-November . 

The  results  are  shown  In  Tables  6-11. 

All  three  gulls  fed  almost  exclusively  on  garbage  (Tables  6-8). 
Behavioral  observations  and  analysis  of  gut  contents  show  most 
garbage  was  obtained  from  shredded  refuse  on  the  landfill; 
however.  Ring-bills  obtained  .some  from  unprocessed  refuse  around 
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TABLE  5.  FEEDING  PREFERENCE  OF  AVIAN  SPECIES  AT  THE  CHARLESTON  COUNTY  SOLID  WASTE 

REDUCTION  CENTER 


Species 


_ Percent  of  species  feeding  in  habitats _  No. 

Unprocessed  Newly-dumped  Old  shredded  Liquid  in 

refuse  shredded  refuse  refuse  sludge  sample 


Herring  Gull 

6.6 

+  8.3 

93.4 

+ 

8.3 

0 

0 

48 

Ring-billed  Gull 

74.9 

+  6.8 

25.1 

+ 

6.8 

0 

0 

54 

Laughing  Gu i  1 

5.3 

+  6.4 

94.3 

+ 

6.4 

0 

0 

23 

Boat-tailed  Grackle 

0.7 

+  1.3 

67.3 

+ 

24.8 

34.3 

+ 

21.1 

0 

54 

Cattle  Egret 

7.3 

±  1-2 

63.0 

+ 

32.5 

6.1 

+ 

10.7 

29.4  T  33.3 

23 

Crows 

1.2 

+  0.5 

67.3 

+ 

24.8 

34.3 

+ 

21.1 

0 

67 

TABLE  6.  ANALYSIS  OF  FOOD  HABITS  OF  HERRING  GULLS  BY  PERCENT 
VOLUME  AND  FREQUENCY  OF  OCCURRENCE 


Food 

Wi nter 

Spri ng 

Fall 

Total 

Shredded  garbage 

95(100) 

94.3(100) 

96.3(100) 

95.2(100) 

Plant  material 

0(0) 

0  (0) 

0  (0) 

0  (0) 

Invertebrates 

0(0) 

3.5(20) 

0  (0) 

1.2(6. 6) 

Grits  and  mi sc. 

5(100) 

3.0(100) 

3.7(100) 

3.9(100) 

n: 

6 

5 

5 

16 
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TABLE  7.  ANALYSIS  OF  FOOD  HABITS  OF  RING-BILLED  GULLS  BY  PERCENT 
VOLUME  AND  FREQUENCY  OF  OCCURRENCE 


Food 

Wi nter 

Spring 

Fall 

Total 

Shredded  garbage 

73.1(100) 

66(100) 

70(100) 

69.7(100) 

Plant  material 

0  (0) 

0(0) 

0(0) 

0  (0) 

< 

Invertebrates 

0  (0) 

0(0) 

0(0) 

0  (0) 

Grits  and  mi  sc. 

26.9(80) 

44(100) 

31(90) 

34.0(90) 

- 

n; 

6 

5 

6 

17 

m 
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TABLE  8.  ANALYSIS  OF  FOOD  HABITS  OF  LAUGHING  GULLS  BY  PERCENT 


VOLUME  AND  FREQUENCY  OF 

OCCURRENCE 

Food 

Wi nter 

Spri ng 

Fall 

Total 

Shredded  garbage 

82.8(100) 

67.3(100) 

62.4(100) 

71(100) 

PI  ant  material 

0  (0) 

0  (0) 

0  (0) 

0(0) 

Invertebrates 

9  (0) 

30.5(20) 

0  (0) 

10(6.7) 

Grits  and  misc. 

17.2(100) 

3.0(100) 

37.6(100) 

19(100) 

n: 


5 


5 


5 
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the  mill.  As  no  other  solid  waste  source  was  operating  in 
Charleston  during  1976,  the  results  show  that  gulls  could  and  did 
obtain  sufficient  food  from  shredded  refuse  and  were  attracted  to 
the  Romney  Street  landfill  to  feed  on  the  shredded  material. 

Invertebrates  were  a  minor  part  cf  the  spring  diet  of  Herring 
Gulls  (Table  6),  but  made  up  30  percent  of  the  spring  diet  of 
Laughing  Gulls  (Table  8).  The  main  species  was  Cochllomyla 
macellerla  (DIPTERA:  CALLIPHORIDAE) ,  a  widespread  and  abundant 
fly  on  the  landfill  (K.  L.  Touchton,  unpub.  data).  Ring-bills 
did  not  feed  on  Invertebrates  (Table  7).  This  Is  surprising  In 
view  of  the  preference  for  terrestrial  feeding  sites  and  Insect 
diets  on  the  breeding  grounds  (Refs  42,  43,  44).  Insect  eating 
In  spring  by  Herring  and  Laughing  Gulls  was  the  only  seasonal 
variation  In  diet  seen  In  gulls. 

Boat-tailed  Grackles  fed  mainly  on  plant  materials  and  Inver¬ 
tebrates  (Table  9).  Most  of  the  plant  materials  were  annual 
seeds  that  grow  on  the  landfill  or  In  the  adjacent  Spartlna  Salt 
Marsh.  The  amount  of  plant  material  and  the  variety  did  not  vary 
seasonally.  The  Invertebrates  were  either  salt  water  species  or 
Insects  from  the  landfill.  Three  Intertidal  crabs  (Uca  mlnax , 

U.  pugnax ,  and  Rhlthroporopeus  harrlsll)  made  up  50  percent  of 
the  species  eaten.  The  proportion  did  not  vary  seasonally. 

Insects  were  the  remaining  Invertebrates  eaten.  The  main  species 
were  four  files:  the  muscld  (Musca  domestlca) ,  and  the  calll- 
phorlds  (^.  macellarla,  Phaenlcla  cuprlna .  and  Phormla  reglna) . 

All  were  species  common  on  shredded  refuse  where  they  were  pro¬ 
bably  obtained  by  foraging  flocks.  Only  M,  domestlca  numbers 
varied  seasonally,  with  the  population  reduced  In  the  winter 
sample  but  Increased  In  the  summer  and  fall.  Grackles  did  not 
depend  upon  shredded  refuse  for  food;  the  small  amounts  found  In 
food  samples  were  probably  picked  up  incidentally  while  foraging 
on  the  landfill.  Only  in  summer  samples  did  refuse  make  up  as 
much  as  10  percent  of  the  diet  (Table  9).  Pew  grackles  were  pre¬ 
sent  during  the  summer,  and  these  were  breeding  birds  with 
established  territories  around  the  landfill.  The  grackle’s  food 
habits  were  similar  to  those  described  for  birds  in  the  Charleston 
area  and  the  rest  of  this  species  Atlantic  Coast  range  (Ref  45). 

In  all,  21  Pish  and  Common  Crows  were  examined  (Table  10). 
Sample  sizes  of  the  tvjo  species  were  not  large  enough  to  see  if 
interspecific  differences  in  diet  existed.  Crows  had  the  most 
varied  diets  of  the  species  studied.  Shredded  garbage  was  the 
principal  food,  averaging  51  percent  by  volume.  Some  seasonal 
differences  were  found;  the  highest  amount  of  refuse  was  in 
spring  and  the  lowest  in  winter.  The  differences  might  not  have 
been  significant  because  of  the  low  sample  size  and  the  mixture 
of  the  two  species.  Invertebrates  were  also  an  important  food 
item,  except  in  spring;  the  chief  species  was  the  fly  (M. 
domestlca) .  The  only  intertidal  invertebrate  was  the  Spartina- 
eatlng  snail  (Llttorina  irrorata.)  found  in  the  winter  sample. 


TABLE  9.  ANALYSIS  OF  FOOD  HABITS  OF  BOAT-TAILED  GRACKLES  BY  PERCENT 
VOLUME  AND  FREQUENCY  OF  OCCURRENCE 


Food 

Wi nter 

Spring 

Summmer 

Fall 

Total 

Shredded  garbage 

3.6(28) 

1.7(40) 

12.9(60) 

3.8(30) 

5.5(39.5) 

Plant  material 

47.6(100) 

54.4(100) 

55.5(100) 

52.4(80) 

52.4  (  95) 

Invertebrates 

41.1(100) 

36.7(100) 

18.5(60) 

36.3(60) 

33.3(80) 

Grit  and  Misc. 

8.2(92) 

6.2(100) 

13.5(80) 

7.8(60) 

8.8(82) 

n: 

6 

5 

5 

6 

22 

»  i 


TABLE 

10.  ANALYSIS  OF  FOOD  HABITS 
AND  FREQUENCY  OF 

OF  CROWS  BY 
OCCURRENCE 

PERCENT  VOLUME 

Food 

Wi nter 

Spri ng 

Summmer 

Fall 

Total 

Shredded  garbage 

39.5(80) 

79  (100) 

44.2(60) 

43.5(100) 

51  (85) 

Plant  material 

3.1(20) 

5.3(33) 

10.5(16) 

18.8(30) 

9.4(25) 

Invertebrates 

1 nsects 

20.6(60) 

0.0(0) 

39.5(67) 

34.9(100) 

25  (61) 

snails 

9.0(20) 

^  Grit  and  mi  sc. 

32.8(100) 

16  (100) 

12.1(100) 

2.6(60) 

14.8(90) 

n: 

6 

5 

5 

5 

21 

Plant  material  was  a  small,  but  Increasingly  Important,  food  item 
as  the  year  progressed.  Mostly,  the  plant  materials  were  fruits 
and  berries  of  trees  such  as  mulberry  (Morus  sp.)  and  Wild  Cherry 
(Prunus  sp.)  that  grew  on  the  dikes  around  the  landfill.  Except 
for  the  inclusion  of  shredded  refuse,  the  diet  of  crows  at  Romney 
Street  was  similar  to  that  described  by  Bent  (Ref  46). 

Although  primarily  insectivorous,  Cattle  Egrets  are  oppor¬ 
tunistic  feeders  and  take  a  variety  of  food  items.  On  the  land¬ 
fill,  they  fed  mainly  on  Insects  (Table  11),  about  98  percent  of 
which  were  C.  macellarla,  the  remaining  2  percent  being  M.  domestica 
Only  in  spring  did  they  eat  shredded  refuse,  and  even  then  it  was 
a  minor  part  of  the  diet.  In  more  natural  areas,  egrets  are 
mainly  insect  eaters  (Refs  I6,  47,  48),  but  feed  mostly  on 
orthopterans,  with  dipterans  the  next  most  important  group. 
Presumably,  egrets  observed  feeding  at  African  dumps  were  also 
eating  insects;  but  they  might  have  been  feeding  on  garbage  as  no 
food  analysis  was  made  (Ref  40). 

Insects  Present  in  Shredded  Solid  Waste 


About  50  Insects  species  representing  32  families  and  seven 
orders  were  collected  from  shredded  solid  waste  at  Romney  Street 
during  the  study  (Table  12).  The  majority  of  families  and  spe¬ 
cies  were  flies  (I6  families  and  28  species),  and  beetles  (nine 
families  and  12  species).  The  families  with  the  most  species 
Included:  Calliphorldae,  with  five;  Nltidulldae,  and  Pormlcldae, 

with  four  each;  and  Otltidae,  Muscldae  and  Sarcophagldae,  each 
three.  All  but  the  Nltidulldae  (beetles)  and  Pormlcldae  (ants) 
were  flies. 

Species  were  classified  into  arbitrary  abundance  categories 
based  on  the  total  number  of  individuals  caught  with  all  three 
collecting  techniques.  Species  with  a  total  of  100  or  more  indi¬ 
viduals  were  termed  abundant;  50-99>  common;  10-49,  uncommon;  and 
9  or  less,  rare.  Only  three  species  (Bradysia  sp.,  Phormia 
reglna ,  and  Euxesta  notata)  were  abundant.  The  abundance  of  the 
first  two  species  was  due  to  large  numbers  of  individuals  taken 
in  small  number  of  emergence  trap  samples.  Bradysia  sp.  and  E. 
notata  were  regularly  collected  almost  every  week  with  either 
sweep  nets  or  Berlese  funnels,  whereas  P.  reglna  was  not  and 
therefore  would  be  considered  uncommon  Judging  from  the  rest  of 
the  samples. 

Only  two  species  were  classed  as  common:  Phaenicia  curprina, 
and  Musca  domestica.  The  abundance  of  cuprina  was  due  to  high 
counts  from  two  emergence  trap  samples,  and  it  was  only  encoun¬ 
tered  Incidentally  during  other  sampling.  Musca  domestica  popu¬ 
lations  were  consistent  and  fairly  regular,  and  this  fly  was 
collected  throughout  the  year. 

Six  species,  Phaenicia  sericata,  Chochliomyla  macellarla, 
Calliphora  vlclna,  Drosophla  melanogaster .  D.  repleta .  and 
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TABLE  11.  ANALYSIS  OF  FOOD  HABITS  OF  CATTLE  EGRETS  BY  PERCENT  VOLUME 

AND  FREQUENCY  OF  OCCURRENCE 


Food 

Spring 

Summer 

Total 

Shredded  garbage 

13.4(23) 

0  (0) 

6.7(11) 

Plant  material 

0  (0) 

0  (0) 

0  (0) 

Insects 

86.6(100) 

99.1(100) 

92.8(100) 

Grit  and  misc. 

0  (0) 

0.9(10) 

0.4(5) 

n: 

5 

5 

10 
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TABLE  12.  INSECTS  COLLECTED  AT  CHARLESTON  COUNTY  SOLID  WASTE  REDUCTION 

CENTER,  ROMNEY  STREET,  DURING  1976 


_ Collection  method _ 

Insect  species  Sweep  net  fieri ese  funnel  Emergence  trap 


ORTHOPTERA 
B1  atti dae 

Periplaneta  americana  +*  + 

PSOCOPTERA 
ECTOPSOILIDAE 

Sctopsocopsis  cryptomeriae  + 

HEMIPTERA 

REDUVIIDAE 


Species  undetermined  +  + 

HOMOPTERA 
Psyl 1 i dae 

Pachypsylla  sp.  +  + 

COLEOPTERA 
Staph  1  ini dae 

Unidentified  species  +  + 

Cl  eri dae 

Necrobia  ruf ipes  + 

Cryptophagi dae 

Anchicera  ochracea  + 

Niti duli dae 

Carpophi lus  hem ip ter us  + 


Carpophi lus  freeman i 


Haptoncus  luteolus  + 

Lathridiidae 

Cartodere  constricta  + 

Mycetophagidae 

Typhaea  sterocorea  + 

Cocci nelli dae 

Diomus  terminatus  + 

Anthici dae 

Anthicus  f loralis  +  + 

Scolyti dae 

Hypothenemus  qeorqiae  + 

DIPTERA 
Psychodidae 

Telmatoscopus  + 

Ceratopogoni  dae 

Culicoides  hoi lensis  + 

Biblionidae 

Plecia  nearctica  + 

*Insects  were  present  in  collections  by  this  technique. 


58 


TABLE  12  (continued) 


_ Col  lection  method  _ 

Insect  species  Sweep  net  Berlese  funnel  Emergence  trap 


DIPTERA 

Mycetophilidae 

Lei  a  sp.  + 

Sci  ari  dae 

Bradysia  sp.  + 

Scatopsidae 

Scatopse  fuscipes  + 

Strati omyi dae 

Hermeta  illuscens  + 

Phori dae 

Dohrniphora  cornuta  + 

Meqaselia  seal ari s  + 

Micropezidae 
Taeni aptera  trivittata 
Otitidae 

Chaetopsos  apicalis  + 

Euxesta  notata  + 

Physiphora  aenea  + 

Sphaeroceri dae 

Leptocera  sp.  + 

MiTchii dae 

Milichiella  lactipennis  + 

Drosophili dae 

Drosophilia  melanoqaster  + 

Drosophi 1 ia  rep  1  eta  group  + 

Muscidae 

Graphyomya  maculata  + 

Musca  domestica  + 

Ophyra  aenescens  + 

Call i phori dae 

Cochliomyia  mace 1  lari  a  + 

Calliphora  vicinia  + 

Phaenicia  cuprina  + 

Phaenicia  sericata  + 

Phormia  reqina  + 

Sarcophagi dae 

Helicobia  rap ax  + 

Sarcophaqa  johnsoni  + 

Sarcophaqa  sp.  + 

hymemjpWa 

Br aeon i dae 

U - . - 


+  + 

+ 


+ 


+ 


+ 

+ 


+ 

+ 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 

+ 

+ 

+ 


TABLE  12  (continued) 


Collection  method 

Insect  species 

Sweep  net 

fierlese  funnel  Emergence  trap 

HYMENOPTERA 

Diapriidae 

Trichopria  sp. 

'  + 

Formicidae 

Iridimyrmex  humilis 

+ 

+ 

Iridimyrmex  prunosus 

+ 

Monomorium  pharaonis 

+ 

+ 

Solenopsis  invicta 

+ 

TOTAL 


50 


46 


26 


7 


Reduvlldae  sp.  were  not  uncommon.  The  Reduvlldae  occurred  regu¬ 
larly  in  May-June,  but  was  not  encountered  during  the  rest  of  the 
year.  The  remaining  39  species,  78  percent  of  the  total,  were 
rare. 

The  abundance  categories  described  above  were  biased  by  the 
appearance  of  large  numbers  of  individuals  found  in  a  small 
number  of  emergence  trap  samples.  Emergence  traps  gave  a  poor 
picture  of  the  insect  community  as  only  seven  of  the  50  species 
were  found  in  traps.  Also,  the  frequency  of  encounter  was  not 
considered  in  the  above  discussion.  To  overcome  these  biases, 
densities  and  frequencies  for  each  Insect  species  were  calculated 
using  only  the  sweep  net  and  Berlese  funnel  data.  The  most  abun¬ 
dant  species,  as  determined  by  these  techniques,  are  shown  in 
Table  13-  In  general,  the  results  of  the  two  methods  were  in 
agreement,  and  flies  (especially  Muscldae  and  Calllphorldae  were 
prominent  members  of  the  insect  community.  Allowing  for  regional 
differences  in  Insect  fauna,  similar  results  were  reported  for 
garbage  dumps  In  other  regions  of  the  United  States.  Thus,  in 
Charleston,  West  Virginia,  School  and  Mlal  (Ref  49)  found  M. 
domestlca  and  Phaenicia  sericata  to  be  among  the  most  important 
species.  In  urban  areas  of  Michigan,  New  York,  North  Carolina, 
Kansas,  and  Arizona,  sericata,  M.  domestlca.  and  Phormla  reglna 
were  the  most  abundant  species  at  dump  sites  (Refs  50,  51).  In 
all  studies  of  refuse  sites,  refuse-feeding  flies  of  the  families 
Muscldae,  Calllphorldae,  and  Sarcophagldae  dominated  the  Insect 
community. 

At  Romney  Street,  the  most  important  refuse-feeding  flies  (M. 
domestlca,  C.  macellarla .  P.  sericata,  and  P.  regina)  also  were 
the  most  numerous  species  large  enough  to  provide  a  significant 
food  source  for  birds.  And,  as  expected,  these  were  the  only 
Insects  found  in  food  samples  taken  from  birds  feeding  on  the 
landfill.  However,  only  in  crows,  grackles,  and  especially 
Cattle  Egrets,  were  they  a  major  food  item.  All  other  bird  spe¬ 
cies  were  more  dependent  on  shredded  refuse  as  a  food  source. 

It  was  difficult  to  compare  the  relative  abundance  of  Insects 
on  shredded  refuse  with  that  at  regular  garbage  dumps,  but  num¬ 
bers  (especially  of  refuse-feeding  flies)  seemed  lower  on  the 
shredded  material.  Ham  and  Reinhart  (Ref  8)  made  similar  obser¬ 
vations  for  European  milling  sites.  Emergence  trap  and  Berlese 
funnel  data  showed  that  few  larvae,  prlclpally  Muscldae  and 
Calllphorldae,  were  produced  in  the  shredded  material.  All  were 
associated  with  large  particles  of  organic  material;  these  larvae 
probably  were  present  in  the  garbage  prior  to  shredding.  Also, 
larval  development  was  inhibited  by  the  high  subsurface  tem¬ 
perature  occurlng  in  the  shredded  material  (x  =  43.5^  C+  10.5) 

(Ref  52).  Ham  and  Reinhart  (Ref  8)  commented  on  the  few  flies 
produced  in  shredded  material  at  European  sites.  However,  refuse- 
feeding  flies  did  breed  at  Romney  Street,  mostly  in  uncovered 
piles  of  dead  cats  and  dogs  disposed  of  on  the  landfill  by  the 


TABLE  13.  THE  MOST  ABUNDANT  AND  FREQUENTLY  ENCOUNTERED  INSECT  SPECIES 
IN  SWEEP  NET  AND  BERLESE  FUNNEL  SAMPLES  AT  CHARLESTON  SOLID 
WASTE  REDUCTION  CENTER,  ROMNEY  STREET,  DURING  1976 


Insect  species 

Density 
indi vidua Is/m^ 

Frequency  of 
occurrence 

COLEOPTERA 

Staphylini dae 

Unidentified  species 

30-10 

12.5% 

DIPTERA 

Sciaridae 

Bradysia  sp. 

0.16-0.02 

54.2% 

Otiti  dae 

Euxesta  notata 

0.02-0.02 

12.5% 

Muscidae 

Musca  domestica 

0.16-0.02 

45.8% 

Calliphoridae 

Cochliomyia  mace 11  aria 

0.34-0.02 

12.5% 

Phaenicia  cuprina 

Phormia  reqina 

300-200 

4.2% 

0.10-0.02 

10.4% 

HEMIPTERA 

Reduviidae 

Unidentified  species 


0.54-0.02 


29.2% 


county  canine  patrol,  and  In  piles  of  sludge  from  oxidation 
ponds.  The  fly  population  at  Romney  Street,  an  attraction  for 
avian  species  potentially  hazardous  to  aircraft,  could  be  reduced 
by  covering  these  breeding  sources. 

Rats  and  Dogs  at  the  Romney  Street  Landfill 

Although  no  systematic  censuses  were  taken,  numerous  Norway 
Rats  (Rattus  norveglcus)  were  present  on  the  Romney  Street  land¬ 
fill.  Most  had  dens  in  dirt  piles  used  to  cover  the  landfill  or 
on  the  dikes  surrounding  the  landfill.  Rats  were  often  seen  on 
piles  of  shredded  refuse,  but  it  is  not  known  if  they  were  feed¬ 
ing  on  the  material.  No  rodents  were  seen  by  Ham  and  Reinhart 
(Ref  8),  but  they  were  known  to  be  present  on  several  of  the 
sites  visited. 

About  10-18  feral  dogs  (Canis  f amlliaris)  Inhabited  the  land¬ 
fill,  feeding  on  refuse,  rodents,  and  rabbits.  Their  numbers 
were  reduced  with  the  clearing  of  the  landfill  and  the  resultant 
disposal  of  shredded  material  on  it. 

Influence  of  Shredding  on  Avian  Species  Abundance  and  Behavior 

During  1976,  approximately  163,172  tons  of  solid  waste  were 
brought  to  the  Solid  Waste  Reduction  Center,  Romney  Street. 

About  127,1^^  tons  (78  percent)  were  shredded;  the  remaining 
36,028  (22  percent)  consisting  of  dry  trash  and  non-garbage  too 
large  to  be  shredded,  were  dumped  directly  on  the  landfill.  A 
total  of  4,272.94  tons  of  ferrous  material  was  recovered  by  the 
metal  separator  and  recycled.  This  represented  about  2.62  per¬ 
cent  of  the  total  solid  waste  brough  to  Romney  Street,  or  3.36 
percent  of  the  waste  that  was  shredded. 

The  plant  experienced  a  number  of  mechanical  difficulties. 

Out  of  a  total  of  256  working  days,  one  or  more  shredders  were 
shut  down  on  55  (21  percent).  Usually  the  breakdowns  were 
because  of  mechanical  problems;  but  on  three  occasions  they  were 
caused  by  explosions  in  the  shredders,  and  by  fire,  twice. 
Shredder  hammers  were  replaced  about  once  every  two  weeks.  The 
metal  separator  was  inoperable  on  15  days,  mainly  because  of 
mechanical  problems  with  the  magnets  or  conveyors;  on  five  days, 
the  packers  malfunctioned,  and  the  truck  scales  did  not  work  on 
two  days.  Despite  the  problems,  the  Reduction  Center  was  able  to 
store  or  process  most  of  the  solid  waste  received.  Garbage  had 
to  be  diverted  to  the  Stromboll  Street  sanitary  landfill  without 
being  shredded  on  only  eight  of  the  256  working  days. 

Little  variation  was  seen  in  the  amount  of  refuse  shredded 
weekly  (Pig  I6).  Amounts  averaged  2,587  tons  per  week,  with  a 
normal  range  between  2,000-2,900  tons.  Amounts  below  this  range 
occurred  on  several  occasions,  and  were  associated  either  with 
short  work  weeks  (as  during  the  weeks  of  22  November  and  20 
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December)  or  with  mechanical  breakdowns  (as  during  the  weeks  of 
16  and  23  August). 

The  amounts  of  solid  waste  received  and  processed  varied  with 
the  days  of  the  week  (Table  14).  Lowest  amounts  were  processed 
on  Sundays,  Saturdays,  and  Wednesdays.  This  pattern  was  related 
to  the  waste-collecting  schedule  of  the  Cities  of  Charleston  and 
North  Charleston,  two  of  the  major  sources  of  refuse  for  Romney 
Street.  Neither  city  collected  anything  but  dry  trash  on 
Wednesdays.  The  high  amounts  on  Mondays  and  Tuesdays  resulted 
from  garbage  accumulated  over  the  weekend.  No  refuse  was 
collected  on  Sundays  or  Saturdays.  The  few  occasions  when  refuse 
was  shredded  on  Saturdays  occurred  when  there  was  a  backlog  from 
the  preceding  Friday. 

The  dumping  patterns  for  the  landfill  from  June  197^  to 
December  1976  are  shown  in  Figure  17»  By  February  1976,  all  but 
the  southeastern  corner  of  the  upper  landfill  had  been  covered. 

In  April,  dumping  started  on  the  lower  landfill.  The  eastern 
one-half  was  covered  by  June;  and  the  western  one-half  by 
December.  Additional  refuse  was  dumped  on  the  upper  landfill  in 
June-October  1976.  Originally,  the  Romney  Street  site  was  esti¬ 
mated  to  be  able  to  last  for  six  years.  At  the  present  dumping 
rate,  it  will  be  filled  within  four  years.  Charleston  County  has 
contracted  to  use  about  60  acres  near  the  lower  landfill.  This 
should  prolong  the  life  of  the  Romney  Street  complex  about  four 
years.  After  that,  the  county  is  planning  to  build  a  refuse- 
burning  electrical  generating  plant  at  the  Romney  Street  site. 
This  should  provide  a  long-term  solution  to  the  problem  of 
finding  landfill  sites. 

An  attempt  was  made  to  correlate  bird  numbers  with  the  volume 
of  shredded  refuse.  For  this  comparison,  the  average  dally  popu¬ 
lations  of  Herring  Gulls,  Ring-billed  Gulls,  and  crows  were  com¬ 
pared  with  the  average  dally  tons  of  shredded  refuse  dumped  in  a 
given  week.  The  results  showed  no  relationship  existing  between 
bird  numbers  and  volume  of  solid  waste  for  any  of  the  species 
considered  (Fig  18).  Other  attempts  to  correlate  gull  members 
with  either  the  amount  of  solid  waste  dumped  or  the  surface  area 
covered  by  refuse  have  been  inconclusive  (Ref  28). 

There  does  seem  to  be  a  correlation  between  shredded-particle 
size  and  food  availability  for  birds  (Ref  17).  Ham  (Ref  17) 
suggested  that  if  material  was  ground  up  so  at  least  90  percent 
passed  through  a  3-lnch  screen,  little  or  no  food  would  be 
available  for  refuse-feeding  birds.  However,  birds  were  present 
and  fed  on  refuse  at  Romney  Street  when  an  average  of  81  percent 
(S.D.  =  +  4  percent)  of  the  refuse  passed  through  a  2-inch  sieve. 
No  correlation  between  particle  size  and  the  number  of  birds  pre¬ 
sent  was  found  (Fig  19).  Some  correlation  might  have  been  pre¬ 
sent  if  particle  size  was  larger  or  if  it  varied  more.  However, 
both  particle  size  and  variation  in  size  were  regulated  by  the 
Charleston  County  Health  Department. 
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TABLE  14.  VARIATION  IN  WEEKDAY  DUMPING  PATTERNS  AT  THE  CHARLESTON 

COUNTY  SOLID  WASTE  REDUCTION  CENTER,  ROMNEY  STREET,  IN  1976 


Day 

Average  number  of  tons  processed 

Sample  size 

Monday 

597.4  +  135.73 

47 

Tuesday 

613.1  +  152.8 

53 

Wednesday 

294.0  +  155.1 

52 

Thursday 

470.9  +  125.4 

53 

Fri  day 

571.9  +  87.5 

53 

Saturday 

106.9+  73.41 

13 

Sunday 

0.0 

0 

Total  tons 

processed  for  1976:  127,144  tons 

Figure  17 

Pattern  of  Disposal  of  Shredded  Solid  Waste  at  the  Romney  St. 
Landfill,  June  1974  -  Dec.  1976. 
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Figure  18 

A  Comparison  of  Number  of  Birds  Present  with  Respect  to  Volume  of  Solid  Waste  Processed  at  the 

Charleston  County  Solid  Waste  Reduction  Center  in  1976. 
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Figure  19 


A  Comparison  of  Number  of  Birds  Present  and  Shredded  Solid-Waste  Particle  Size  at  the 
Charleston  County  Solid  Waste  Reduction  Center  in  1976. 


Relative  Attractiveness  of  Various  Solid  Waste  Disposal  Techniques 
to  Potentially  Hazardous  Bird  Species 

At  this  time,  solid  waste  Is  disposed  at  either  open  dumps  or 
sanitary  landfills.  At  open  dumps,  the  material  Is  piled  and 
left  uncovered,  or  It  may  be  burned;  at  sanitary  landfills,  the 
waste  Is  placed  In  trenches,  and  then  covered  with  dirt.  Several 
techniques  are  used  to  reduce  the  volume  of  material  prior  to 
disposal.  Including:  metal  recovery,  compression,  baling,  and 
shredding.  Shredding  Increases  the  density  of  refuse,  so  more 
may  be  disposed  of  In  a  given  volume. 

All  techniques  presently  used  attract  birds  potentially  hazar¬ 
dous  to  aircraft  except  perhaps  baling,  which  has  not  been  evalu¬ 
ated  and  Is  not  In  wide  use.  Direct  comparisons  of  the  relative 
attractiveness  of  the  various  techniques  were  not  possible 
because  they  were  not  all  operating  during  the  same  time  period 
In  Charleston.  Also,  comparisons  were  difficult  because  a 
variety  of  other  factors  Influenced  the  attractiveness  of  a  site. 
If  all  other  factors  were  constant,  however,  my  studies  Indicated 
that  open  dumps  In  Charleston  attracted  about  50  percent  more 
gulls  than  did  sanitary  landfills.  The  shredder  also  attracted 
gulls  and  other  birds,  and  seemed  as  attractive  as  a  sanitary 
landfill.  Different  species  seemed  to  prefer  different  disposal 
techniques,  with  Ring-bills  preferring  landfills,  and  Herring 
Gulls,  open  dumps. 

Charleston  Weather  Patterns  During  the  1971-72  and  1976  Studies 

As  weather  patterns  Influence  gull  populations  and  migrations, 
weather  patterns  for  1971-72  and  1976  periods  were  compared.  The 
Charleston  climate  Is  temperate,  modified  by  the  nearness  of  the 
ocean.  Winter  temperatures  are  as  much  as  10-15°P  higher,  and 
summer  temperatures,  about  3°P  lower  than  comparable  Inland  sites. 
Prevailing  winds  are  northerly  In  fall  and  winter,  southerly  In 
spring  and  summer. 

Summers  are  warm  and  humid,  but  temperatures  of  100°P  and  above 
are  Infrequent.  Summer  Is  the  season  with  the  highest  amount  of 
precipitation,  about  41  percent  of  the  annual  total.  Rain  Is 
generally  In  the  form  of  showers,  thundershowers,  or  an  occa¬ 
sional  tropical  storm  producing  the  variable  amounts  of  rainfall 
over  scattered  areas.  Pall  passes  from  a  warm  period  to  prewinter 
cold  spells  beginning  In  late  November.  Prom  late  September  to 
early  November,  the  weather  Is  mostly  sunny,  and  extremes  of  temp¬ 
erature  are  rare.  The  winter  months,  December-Pebruary ,  are 
mild,  with  rainfall  averaging  18  percent  of  the  annual  total. 
Winter  rainfall  Is  generally  uniform,  with  few  thunderstorms. 

Snow  flurries  are  rare.  An  average  winter  experiences  less  than 
one  cold  wave  and  severe  freeze;  temperature  of  20°P  or  less  are 
unusual.  Spring  Is  a  period  of  rapid  changes  from  windy  and  cold 
In  March  to  warm  and  pleasant  In  May.  Spring  rainfall  represents 
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about  20  percent  of  the  yearly  total.  The  average  date  of  the 
first  freeze  in  fall  is  10  December,  and  the  last  before  spring 
is  19  February  (Ref  53). 

During  the  1971-72  period,  weather  conditions  were  relatively 
normal  except  that  precipitation  levels  were  below  average,  espe¬ 
cially  in  July-October  1971  and  June-July  1972.  The  1971-72 
winter  was  normal,  with  few  cold  fronts  and  no  snowfall  or  extre¬ 
mely  low  tempertures  (Refs  53,  55).  That  winter  also  was  normal 
in  the  northeastern  and  Great  Lakes  states,  areas  which  produce 
the  majority  of  Herring  and  Ring-billed  Gulls  that  winter  in  the 
Charleston  area  (Refs  11,  55,  56).  Extreme  winters  in  these 
regions  would  tend  to  Increase  the  winter  gull  population  in 
Charleston. 

The  1976  weather  conditions  were  characterized  by  drought  and 
low  temperatures  during  most  of  the  year.  Water  conditions  were 
normal  in  May,  September,  and  November.  The  fall  and  winter  were 
among  the  coldest  on  record,  and  measurable  snowfall  was  recorded 
on  five  occasions  (Ref  57).  In  September-December,  the  Northeast 
and  Great  Lakes  experienced  one  of  the  worst  winters  in  recent 
times,  with  abnormally  cold  temperatures  and  abundant  snow.  With 
such  weather,  one  would  predict  above  average  numbers  of  wintering 
gulls  in  Charleston  as  compared  with  the  more  normal  winter  of 

1971-72. 

Gull  Populations  for  the  Charleston  Study  Area  in  1976 

Seven  species  of  gulls.  Herring,  Ring-billed,  Laughing, 
Bonaparte's  (L.  Philadelphia) .  Great  Black-backed,  Lesser  Black- 
backed  (L.  fuscus),  and  Iceland  (L.  glaucoides)  were  found  during 
this  study.  In  addition,  the  Glaucous  (l.  h'^erboreus) ,  Franklin's 
(L.  pipixcan) ,  and  Black-headed  (L.  ridibundus)  Gulls  have  been 
reported  for  South  Carolina  on  one  to  four  occasions  in  the  past 
(Ref  15,  39,  58).  Of  these  ten  species,  only  the  Herring,  Ring- 
billed  and  Laughing  Gulls  were  common. 

Herring  Gull  numbers  peaked  in  February.  After  this,  they 
declined  until  midsummer  lows  were  reached  in  June-August.  Fall 
migration  started  in  October,  and  by  late  December,  the  popula¬ 
tion  again  reached  the  February  peak  (Fig  20).  Seasonal  trends 
were  similar  in  the  general  study  area  and  the  Romney  Street 
landfill  (Fig  4),  except  the  fall  population  Increase  was  earlier 
in  the  general  area.  Also,  the  seasonal  trends  were  similar  to 
those  observed  in  1971-72  (Fig  4  in  Ref  9)« 

Ring-billed  Gull  population  trends  were  similar  to  those  found 
for  Herring  Gulls,  with  high  numbers  in  winter  and  lows  in  summer 
(Fig  21).  Unlike  Herring  Gulls,  the  Ring-bill  population  peak 
occurred  later  in  February,  exceeding  the  December  peak.  Also, 
more  Ring-bills  summered  in  Charleston.  Both  the  general  study 
area  and  the  Romney  Street  landfill  exhibited  similar  seasonal 


Number  of  Herring  Gulls  within  the  Charleston  Study  Area  During  1976. 
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Figure  21 

Number  of  Ring-billed  Gulls  within  the  Charleston  study  area  during  1976 


population  trends.  Ring-bill  seasonal  trends  In  1976  were  like 
those  of  1971-72  (Pig  3  In  Ref  9). 

Laughing  Gull  population  trends,  with  lows  In  winter  and  highs 
In  summer  and  early  fall,  were  the  reverse  of  those  found  for  the 
previous  two  species  (Pig  22).  The  small  wintering  population 
was  augmented  by  returning  migrants  In  Apr 11-May.  The  breeding 
population  of  about  2,000  Increased  to  over  3,000  by  September 
with  the  addition  of  newly-lndependent  young.  Laughing  Gulls 
reached  their  yearly  peak  (over  4,000)  In  early  October  when 
migrants  passed  through  the  area;  after  that,  numbers  declined 
rapidly  to  800  In  late  November  and  one  In  December.  Although 
population  trends  at  Romney  Street  were  erratic  (Pig  6),  major 
peaks  corresponded  to  those  In  the  study  area  as  a  whole.  Also, 
seasonal  trends  were  similar  In  1976  and  1971-72  (Pig  5  In  Ref 
9). 

Bonaparte’s  Gulls  were  observed  from  January  through  April, 
and  from  25  October  through  December.  These  dates  were  within 
the  normal  period  of  occurrence  for  South  Carolina  (Ref  59) • 

Peak  numbers  (400-800)  were  found  In  January -February,  and 
November-December .  The  1976  population  was  about  double  of  that 
of  1971-72.  This  higher  number  may  have  been  due  to  the  abnor¬ 
mally  cold  winter  In  the  North  reducing  the  availability  of 
feeding  sites  for  this  aquatic  species.  About  98  percent  of  the 
birds  seen  were  adults. 

The  Great  Black-backed  Gull  Is  a  rare  winter  visitor  along  the 
South  Carolina  coast,  occurlng  from  12  November  to  12  May  (Ref  60). 
During  1976,  Black-backs  were  seen  on  3-10  February,  and  20 
November-28  December.  On  all  occasions  except  3  February  and  28 
December,  only  one  Individual  was  present;  two  were  seen  on  3 
February,  and  five  on  28  December.  All  birds  were  adults.  The 
high  of  five  was  much  lower  than  the  peak  of  20  seen  during 
February  1972. 

A  two-year  old  Iceland  Gull  was  observed  for  about  ten  minutes 
on  15  February  at  Romney  Street.  It  was  not  seen  again,  nor  were 
any  others  seen  during  1976  In  Charleston.  A  single  bird  was 
seen  at  Clemson,  South  Carolina,  during  February  by  Harry  LeGrand 
(Ref  61).  Iceland  Gulls  have  been  observed  on  two  other  occasions 
In  South  Carolina;  both  records  were  by  E.  M.  Burton  at  Charleston 
(Ref  62).  There  Is  one  specimen  record  from  the  Savannah  River; 
it  was  collected  by  I.  Tompllns  on  the  Georgia  side  of  the  river 
(Ref  15). 

To  see  If  the  consolidation  of  disposal  sites  reduced  gull 
populations.  Herring  and  Ring-billed  Gull  numbers  for  1971-72 
were  compared  with  those  for  1976  by  a  paired  ^-test  (Ref  36). 

For  each  species,  January-June  1972  populations  were  compared 
with  those  for  1976,  and  July-December  populations  with  those  for 
1976.  The  results  (Tables  15-18)  showed  numbers  of  both  species 
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Figure  22 

Number  of  Laughing  Gulls  within  the  Charleston  Study  Area  During  1976 


TABLE  15.  COMPARISON  OF  HERRING  GULL  POPULATIONS  IN  THE  CHARLESTON 

STUDY  AREA,  1972  and  1976 


Month 

Number 

T972^ 

of  birds  present 
- ^1976** 

January 

2780 

1300 

February  1-15 

2900 

2100 

16-28 

2600 

1900 

March 

3200 

1700 

April 

1100 

650 

May 

300 

60 

June 

75 

24 

*  During  1972,  there  were  eight  active  dumps  and  landfills. 
**  During  1976,  there  was  only  one  active  landfill. 


t  =  3.47  with  6  df,  significant  at  the  0.05  level. 
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TABLE  16. 

COMPARISON  OF  HiRRING  GULL  POPULATIONS  IN 
STUDV  AREA,  1971  and  1976 

THE  CHARLESTON 

Month 

Number 

TSTI^ 

of  birds  present 
- 1^76** 

p 

July 

75 

14 

August 

80 

14 

‘ 

September 

100 

166 

October 

700 

1345 

November 

2590 

1627 

December 

2720 

2256 

*  During  1971,  there  were  eight  active  dumps  and  landfills. 
**  During  1976,  there  was  only  one  active  landfill. 


t  =  0.64  with  5  df,  not  significant. 
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TABLE  17.  COMPARISON  OF  RING-BILLED  GULL  POPULATIONS  IN  THE  CHARLESTON 

STUDY  AREA,  1972  and  1976 


Month 

Number 

1972* 

of  birds  present 
1976** 

January 

2400 

900 

February  1-15 

3400 

2700 

16-28 

3100 

2500 

March 

3200 

1735 

April 

1900 

900 

May 

600 

200 

June 

50 

118 

*  During  1972,  there  were  eight  active  dumps  and  landfills. 
**  During  1976,  there  was  only  one  active  landfill. 


t  =  3.72  with  6  df,  significant  at  the  0.05  level. 
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TABLE  18.  COMPARISON  OF  RING-BILLED  GULL  POPULATIONS  IN  THE  CHARLESTON 

STUDY  AREA,  1971  and  1976 


Month 

Number 

of  birds  present 
1976* ** 

July 

100 

68 

August 

100 

26 

September 

120 

110 

October 

600 

519 

November 

3700 

1257 

December 

2100 

1576 

*  During  1971,  there  were  eight  active  dumps  and  landfills. 

**  During  1976,  there  was  only  one  active  landfill. 


t  =  2.78  with  5  df,  not  significant. 


reduced  in  1976  from  the  1972  levels,  but  no  similar  trends  were 
seen  between  1976  and  1971*  The  weather  in  1971  and  1972  was 
normal  and  similar  for  both  years;  however,  the  winter  of  1976 
was  abnormally  severe.  (See  preceding  section  on  weather.) 

These  data  suggest  that  the  reduction  in  numbers  of  disposal 
sites  did  reduce  the  gull  population,  but  severe  weather  could 
cause  short-term  population  Increases.  Similar  reduction  in 
birds  with  the  removal  of  dumps  and  landfills  was  observed  by  Van 
Tets  (Ref  63)  in  Australia.  Clearly,  one  of  the  most  effective 
means  of  reducing  a  blrd/alrcraf t  collision  problem  resulting 
from  the  presence  of  dumps  and  landfills  is  by  an  active  partici¬ 
pation  in  efforts  for  the  consolidation  and  removal  of  such  sites. 


Gull  Roosting  Sites  and  Dally  Movement  Patterns  in  the  Charleston 


The  main  Herring,  Ring-billed  and  Laughing  Gull  roosting  sites 
are  shown  in  Figure  23.  All  sites  were  isolated  Islands  or 
beaches  along  the  coast,  with  little  or  no  vegetation  and  few 
ground  predators.  A  few  gulls  roosted  on  water  in  the  harbor, 
rivers.  Inlets,  and  the  leeward  side  of  the  Jetties.  Similar 
roosting  sites  have  been  described  by  Bent  (Ref  64).  No  noti¬ 
ceable  differences  in  roosting  site  selection  or  behavior  between 
the  two  Charleston  studies  were  found  (Pig  24). 

Herring  and  Ring-billed  Gull  dally  movement  patterns  are  shown 
In  Figure  23*  Gulls  left  roosts  near  sunrise  and  flew  singly  or 
in  small  groups  to  feeding  and  loafing  areas.  In  the  evening, 
birds  returned  to  the  roosting  area,  using  the  same  pathways  that 
were  used  In  the  morning.  Around  the  roosts.  Individuals  fed  and 
loafed,  flying  the  short  distance  to  the  roost  Just  prior  to  sun¬ 
set.  No  differences  In  flight  paths  were  observed  between 
January-Aprll  and  September-December  1976.  However,  differences 
were  noted  between  1971-72  and  1976  (Pigs  23>  24):  during  1976, 
most  gull  movements  were  along  the  coast,  with  few  short-distance 
flights  up  the  major  estuaries,  and  no  overland  flights  or  long¬ 
distance  flights  up  rivers  were  observed,  as  was  seen  in  1971-72. 
This  concentration  of  gulls  along  the  coast  and  the  lack  of 
Inland  flights  In  1976  was  the  direct  result  of  the  elimination 
of  Inland  dumps  and  landfills. 


Figure  25  shows  the  main  loading  and  feeding  sites  for  gulls 
In  the  metropolitan  Charleston  region  during  1976.  Most  feeding 
areas  were  on  beaches  or  mudflats  along  the  coast,  except  for  the 
Romney  Street  site  and  the  Plum  Island  Sewage  Treatment  Plant. 

All  loafing  areas  were  within  1/2  mile  of  feeding  or  roosting 
sites.  In  contrast  to  1971-72,  few  gulls  were  seen  In  1976  at 
sewer  outlets  because  the  county  had  eliminated  all  open  sewers  In 
1972,  when  the  Plum  Island  Plant  was  started  (Pig  26).  There  was 
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Gull  Loafing  and  Feeding  Sites  In  the  Charleston  Study  Area 
During  1976 
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Figure  23 

Roc  s  '  ^ag  Sites  and  Daily  Movement  of  Gulls,  Jan.  -  April  and  Sept. 

Heavier  Arrows  Indicate  Greater  Number  of  Gulls. 


-  Dec.  1976, 


Figure  25 


Major  Loafing  and  Feeding  Sites  of  Herring  and 
Ring-biJled  Gulls  during  Jan.  -  April  and  Sept.  - 
Dec.  1976.  Each  Dot  Represents  a  Minimum 
of  30  Gulls. 
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a  marked  reduction  In  the  number  of  birds  feeding  In  Inland 
areas,  and  no  birds  were  present  at  disposal  sites  closed  since 
1974.  The  results  of  these  changes  were  a  reduction  In  the 
number  of  gull  feeding  areas  within  metropolitan  Charleston  and  a 
concentration  of  gulls  at  natural  sites  along  the  ocean  and 
Charleston  harbor. 

Changes  In  Gull  Feeding  Patterns  In  Charleston  Between  1971-72 
and  197F 

Gulls  are  an  ecologically  successful  group,  with  morphological 
and  behavioral  adaptations  allowing  them  to  exist  in  a  variety  of 
geographic  locations  and  habitats.  Part  of  their  success  is  due 
to  their  ability  to  use  a  wide  variety  of  natural  and  artificial 
food  sources.  In  most  cases,  gull  distributions  and  movements 
are  Influenced  by  food  abundance  (Refs  24,  65,  66).  This  was 
true  for  the  Charleston  gull  population. 

During  I97I-72,  Herring,  Ring-billed,  Laughing,  Great  Black- 
backed,  and  Bonaparte’s  Gulls  used  a  variety  of  artificial  food 
sources.  These  Included:  sewer  outlets,  sewage  treatment 
lagoons,  refuse  from  the  shrimping  and  crabbing  industries  and 
from  restaurants,  and  (most  Importantly)  garbage  dumps  and  land¬ 
fills.  During  1976,  the  relative  Importance  of  these  artificial 
food  sources  was  reduced  because  of  changes  in  waste-disposal 
patterns. 

In  197I-72,  sewer  outlets  (Pig  26)  attracted  feeding  assembla¬ 
ges  of  gulls,  terns,  and  shoreblrds.  About  12  percent  of  the 
wintering  Ring-billed  Gulls  fed  at  outlets,  about  10  percent  of 
the  summer  and  fall  Laughing  Gulls  used  such  sites,  and  about  60 
percent  of  the  population  of  Bonaparte's  Gulls  were  heavily 
dependent  on  sewers  for  food.  Herring  Gulls,  however,  did  not 
feed  at  sewer  outlets.  All  the  sewers  were  closed  in  1972,  thus, 
during  1976,  no  significant  numbers  of  gulls  of  any  species  were 
observed  feeding  at  sewer  outlets. 

Several  primary  sewage  treatment  ponds  were  located  in  the 
Charleston  area.  In  1971-72,  these  were  used  as  feeding  areas 
for  small  flocks  of  Herring,  Ring-billed,  and  Bonaparte's  Gulls. 
These  species  also  used  the  oxidation  pond  at  The  Baptist  College 
at  Charleston.  Ring-bills  were  observed  using  such  ponds  near 
Charleston  APB  and  these  ponds  were  a  major  food  source  for 
Bonaparte's  Gulls. 

In  1976,  only  Bonaparte's  Gulls  frequented  oxidation  ponds, 
and  no  gulls  were  present  at  The  Baptist  College  pond,  primarily 
because  of  the  closing  of  the  adjacent  Ladson  landfill.  In  1976, 
however,  the  Plum  Island  sewage  treatment  plant  was  an  Important 
food  source,  especially  for  Ring -billed  Gulls.  About  200  Ring- 
bills,  ten  percent  of  the  population,  fed  at  that  plant  in 
winter.  Plum  Island  was  one  of  the  few  areas  where  wintering 


Laughing  Gulls  were  present.  In  1976,  most  Bonaparte’s  fed  in 
aquatic  situations  on  natural  foods. 

During  both  studies,  shrimp  trawlers  were  major  feeding  loca¬ 
tions  for  Herring  and  Laughing  Gulls.  Some  Bonaparte’s  Gulls 
also  fed  around  trawlers,  but  Ring-bills  rarely  did.  The  propor¬ 
tion  of  Laughing  Gulls  using  trawlers  was  about  the  same  during 
both  studies,  consisting  of  about  80  percent  of  the  July-November 
population.  However,  the  proportion  of  Herring  Gulls  increased 
in  1976  from  about  30  percent  In  1971-72  to  about  80  percent. 

This  increase  was  related  to  the  reduction  In  solid  waste  dispo¬ 
sal  sites  Initiated  In  1974.  Herring  Gull  populations  at  Romney 
Street  (Pig  4)  reflected  their  dependence  on  shrimp  trawlers,  as 
the  population  decreased  In  mid-March  with  the  opening  of  the 
commercial  shrimping  season  and  did  not  Increase  until  the  season 
closed  at  the  end  of  November. 

In  I97I-72,  sanitary  landfills  and  dumps  were  the  main  food 
source  for  wintering  Herring  and  Ring-billed  Gulls,  About  70 
percent  of  the  Herrings,  and  73  percent  of  the  Ring-bills  fed  at 
disposal  sites.  Solid-waste  sites  were  still  important  In  1976, 
but  were  not  the  predominant  food  source,  as  25  percent  of  the 
Herrings,  and  35  percent  of  the  Ring-bills  fed  at  Romney  Street, 
Most  Herring  Gulls  fed  around  trawlers  and  In  the  Intertidal  zone 
during  1976,  and  the  Intertidal  zone  was  the  main  feeding  loca¬ 
tion  for  Ring-bills. 

A  small  percent  of  Ring-billed  Gulls  fed  around  restaurants 
and  shopping  centers  In  1971-72;  the  percentage  was  even  more 
reduced  In  1976,  Pew  birds  were  present  at  Inland  sites. 

Blrd/Alrcraf t  Strikes  at  Charleston  Air  Porce  Base,  1971-1976 

A  serious  blrd/alrcraft  strike  hazard  existed  at  Charleston 
APB  during  June  1970  through  May  1971,  with  at  least  33  reported 
strikes  (Table  IX  in  Ref  9).  Strikes  were  reduced  to  14  (42  per¬ 
cent  of  those  In  1970-71)  during  June  1971-May  1972  (Table  X  In 
Ref  9),  with  the  closing  of  the  Reward  Street  dump  next  to  the 
air  base.  No  blrd/alrcraft  strike  records  are  available  for  the 
period  June  1972-December  1973,  but  records  are  available  for 
1974  through  1976  (Table  19),  and  these  show  an  additional  reduc¬ 
tion  in  bird  strikes  from  the  1970-71  high.  In  1974,  when  all 
dumps  were  closed  and  replaced  with  the  Romney  Street  shredder, 
four  strikes  were  recorded  —  a  71  percent  reduction  from  the 
197I-72  level.  Six  strikes  were  reported  In  1975  and  only  two  In 
1976.  These  results  show  that  solid-waste  site  consolidation  and 
effective  zoning  of  solid-waste  sites  (Pig  24  In  Ref  9)  can  mini¬ 
mize  the  blrd/alrcraft  strike  hazard  at  airports. 
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TABLE  19.  SURVEY  OF  BIRD  STRIKES,  CHARLESTON  AF 8,  SOUTH  CAROLINA  (1  JANUARY  1974  THRU  31  DECEMBER  1976) 

(Data  from  C apt.  Lyle,  USAF,  Flight  Safety  Officer,  Charleston  AFB) 


1974 

1975 

1976 

Month 

Military 

airport 

operations 

Bird 

strikes 

Bird 

species 

Military 

airport 

operations 

Bird 

strikes 

Bird 

species 

Military 

airport 

operations 

Bird 

strikes 

Bird 

species 

Jan 

4454 

5500 

4979 

1 

Unknown 

Feb 

5804 

5446 

1 

Unknown 

4810 

1 

Suspected 

Seagulls 

Mar 

5480 

1 

Unknown 

5277 

5512 

Apr 

6199 

1 

Unknown 

5270 

1 

Unknown 

5271 

May 

6607 

5236 

6120 

June 

5276 

1 

Unknown 

5931 

5394 

July 

7850 

5475 

5549 

Aug 

6657 

1 

Unknown 

5621 

1 

Unknown 

5613 

Sep 

5804 

5594 

1 

Unknown 

5641 

Oct 

5519 

5329 

1 

Unknown 

5401 

Nov 

5438 

4919 

1 

Unknown 

5510 

Dec 

5643 

4890 

5330 

Total 

70731 

4 

64488 

6 

65130 

2 

Note:  The  number  of  takeoffs  and  landings  are  not  maintained  on  record  per  se;  however,  a  record  of 
overall  operations  is  maintained;  by  using  the  following  formula,  a  close  approximation  of  the 
takeoffs  and  landings  may  be  obtained:  [(2  X  Military  Airport  Operations)- (Mil itary  Airport 
Operations  X  2  X  10%)] -f  2  =  Takeoffs  and  landings 


SECTION  V 


CONCLUSIONS 


This  study  showed  that  shredded  solid  waste  attracted  a 
variety  of  avian  species  In  large  enough  numbers  to  create  a 
bird/alrcraf t  strike  hazard  If  the  site  were  situated  near  an 
airport.  The  major  species  present  were  Herring  Gulls,  Ring- 
billed  Gulls,  Laughing  Gulls,  Common  Crows,  Fish  Crows,  Boat- 
tailed  Grackles,  and  Cattle  Egrets,  and  were  the  same  species  one 
would  expect  at  an  open  dump  or  sanitary  landfill  located  In  a 
topographically  similar  area  to  Charleston.  The  population 
levels  were  about  the  same  as  those  of  a  similarly-located  sani¬ 
tary  landfill.  Seasonal  and  dally  movement  patterns,  as  well  as 
loafing  and  feeding  sites  were  similar  to  those  observed  pre¬ 
viously  at  dumps  and  landfills  In  Charleston  (Ref  9)* 

Gulls  fed  almost  exclusively  on  shredded  refuse  at  Romney 
Street,  thus  showing  that  these  species  could  feed  on  shredded 
refuse  even  when  milled  so  that  85  percent  passed  through  a  2- 
inch  sieve.  This  disproves  Ham’s  hypothesis  (Ref  17)  that  no 
food  would  be  available  for  birds  If  garbage  were  milled  so  that 
90  percent  passed  through  a  3-lnch  sieve.  Cattle  Egrets,  and, 
to  a  lesser  extent,  crows  and  Boat-tailed  Grackles  fed  on  Insects 
produced  from  the  shredded  refuse. 

Surprisingly,  no  relationship  was  found  between  gull  numbers 
and  either  amount  or  particle  size  of  shredded  refuse  dumped, 
even  though  numerous  studies  have  shown  that  gulls  rapidly  aban¬ 
doned  refuse  sites  when  garbage  Is  no  longer  dumped  (Refs  25j  26, 
30,  67)*  Gulls  probably  respond  to  the  presence  of  refuse  in 
all-or-none  fashion.  They  are  known  (Ref  68)  to  have  visual  and 
acoustical  signals  which  communicate  to  other  gulls  not  only  the 
presence  of  food  but  also  if  the  amount  is  enough  for  more  than 
one  individual.  Thus,  gulls  are  attracted  to  shredded  refuse  by 
behavioral  clues.  These  clues,  however,  are  not  precise  enough 
to  provide  information  on  variations  In  the  amount  of  food 
available,  except  in  a  general  way.  These  facts  Indicate  gulls 
would  be  attracted  to  shredded  refuse  if  It  were  used  as  a  land¬ 
fill  material.  A  blrd/aircraf t  strike  hazard  could  be  created  if 
borrow  pits  near  Charleston  AFB  were  being  filled  with  shredded 
material  from  Romney  Street. 

The  elimination  of  all  dumps  and  landfills  and  their  replace¬ 
ment  with  a  shredder  greatly  changes  gull  populations  and  move¬ 
ment  patterns.  Both  Herring  and  Ring-billed  Gull  populations 
were  reduced  significantly  after  consolidation,  although 
variations  in  weather  obscured  the  magnitude  of  the  reduction  for 
July-August  1976.  Inland  movements  were  reduced,  and  most  birds 
remained  close  to  the  coast.  The  proportion  of  refuse-feeding 
birds  In  the  population  also  was  reduced,  with  most  birds  feeding 
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around  shrimp  trawlers  ar,:d  on  natural  foods  in'  the  Intertidal 
zone.  All  these  changes  were  reflected  in  an  average  yearly 
reduction  in  197^-76  of  ^1  percent  from  the  1971-72  level  in  the 
number  of  bird  strikes  experienced  at  Charleston  APB.  This 
reduction  supported  the  previous  recommendations  (Pig  24  in  Ref  9) 
for  the  zoning  of  dump  f ites  in  Charleston  to  reduce  the  bird/ 
aircraft  strike  hazard  at  Charleston  APB. 

This  study  indicates  that  no  solid  waste  disposal  technique 
now  used  is  bird-proof.  Therefore  airport  managers  and  flight 
safety  officers  must  be  concerned  and  Involved  with  solid  waste 
disposal  programs  of  tl.eir  communities  if  they  wish  to  reduce  the 
possibility  of  blrd/ali’craf t  collisions.  Present  guidelines  for 
considering  when  landfills  are  incompatible  with  airport  safety 
requirements,  such  as  those  of  Vitale  (Ref  69),  must  be  con¬ 
sidered  the  minimum  needed  by  airport  personnel  in  reducing  the 
bird/aircraft  collision  problem.  A  more  positive  approach  would 
include  participation  by  airport  personnel  in  the  establishment 
of  county-  and  regional-wide  solid  waste  disposal  zoning  plans. 
Such  plans  (Pig  24  in  Ref  9)  can  locate  disposal  sites  so  that 
they  not  only  keep  birds  away  from  airports,  but  also  may  con¬ 
centrate  birds  in  regions  away  from  airports,  thus  reducing  the 
hazard  (Ref  21).  In  such  programs,  guidance  should  be  obtained 
from  biologists  knowledgeable  in  both  the  blrd/alrcraf t  strike 
hazard  and  the  biology  of  the  hazardous  avian  species.  Airport 
personnel  also  shdtild  cooperate  with  solid  waste  disposal  person¬ 
nel  in  programs  of  landfill  and  dump  consolidation,  in  recycling 
plans,  and  in  any  other  technological  improvement  that  would 
reduce  the  attractiveness  of  disposal  sites  to  potentially 
hazardous  birds. 


SECTION  VI 


RECOMMENDATIONS 


General  Recommendations 

1.  Because  shredded  solid  waste  attracts  birds  potentially 
hazardous  to  aircraft,  shredders  should  not  be  placed  so  as  to 
create  a  bird/aircraft  strike  hazard  on  an  airbase. 

2.  No  shredded  solid  waste  should  be  used  as  fill  material  at 
or  near  airports. 

3.  Airport  and  solid  waste  personnel  should  coordinate 
efforts  to  reduce  the  problems  of  dumps  and  landfills  at  air¬ 
ports. 

4.  Solid  waste  personnel  and  government  agencies  should 
encourage  the  consolidation  and  zoning  of  disposal  sites  to 
reduce  the  bird/aircraft  collision  hazard.  A  biologist  knowledge¬ 
able  in  the  behavior  of  hazardous  species  and  in  the  bird  hazard 
problem  should  be  consulted. 

5.  Shredding  plants  should  be  combined  with  shredded  refuse¬ 
burning  electrial  generating  plants  when  possible. 

6.  Recycling  of  solid  waste  and  any  other  technological 
improvements  that  would  reduce  the  attractiveness  of  disposal 
sites  to  potentially  hazardous  birds  should  be  encouraged. 

7.  The  process  of  baling  solid  waste  should  be  investigated 
to  see  if  it  would  be  attractive  to  birds. 

Specific  Recommendations 

1.  No  shredded  refuse  should  be  dumped  at  Charleston  other 
than  in  the  approved  zone  as  designated  in  my  previous  study  (Ref 
9,  Pig  24).  Especially  no  shredded  refuse  should  be  dumped  at  or 
near  Charleston  APB. 

2.  Charleston  County  should  be  encouraged  to  add  a  refuse 
burning  electrical  generating  plant  at  the  Romney  Street  shredder. 

3.  Charleston  County  should  be  encouraged  to  continue  using 
the  present  landfill  or  the  area  near  Romney  Street.  No  other 
location  should  be  used  without  consulting  the  personnel  at 
Charleston  APB. 

4.  Dead  animals  brought  to  the  landfill  should  be  covered 
with  dirt  immediately. 
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5.  Sludge  from  sewagf;  treatment  lagoons  should  be  covered 
with  dirt  immediately  after  placement  on  the  landfill. 

6.  Care  should  be  ta cen  to  keep  the  amount  of  loose  garbage 
around  the  mill  to  a  mirlmum. 

7.  The  application  <f  bird  control  techniques  at  Charleston 
AFB  should  be  maintaine  at  least  at  current  levels.  These  tech¬ 
niques  should  include  a  full-time  person  responsible  for  the 
program,  and  a  mobile  b  rd  patrol  operating  daily  throughout  the 
year. 

8.  Extra  care  shou’ d  be  taken  at  the  airbase  to  patrol  the 
airport  during  cold  fr(  nts  in  the  fall,  winter,  and  spring. 

9.  Aircraft  should  not  be  permitted  to  take  off  or  land  when 
birds  are  present  on  the  airfield. 

10.  All  pilots  should  be  routinely  advised  of  bird  hazards  on 
the  airfield,  in  approach  or  departure  zones,  or  at  other  areas 
where  bird  concentrations  occur. 

11.  Care  should  be  taken  to  keep  the  population  of  pigeons, 
House  Sparrow,  and  other  hazardous  species  found  at  the  airport 
reduced  to  levels  not  hazardous  to  aircraft. 
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